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(54) Pyrazolopyrimidinone cGMP PDE5 inhibitors' for the treatment of sexual dysfunction 

(57) There is provided compounds of formula IA and of formula IB, > 



OR 3 HN 




OR 3 HN 




R 2 



IA 



IB 



CM 
< 
r— 

m 
h- 

io 
o> 
o> 

o 

0. 
LU 



wherein R 1 , R 2 , R 3 , R 4 and A have meanings given in the description, which are useful in the curative and prophylactic 
treatment of a medical condition for which inhibition of a cyclic guanosine 3',5'-monophosphate phosphodiesterase (e. 
g. cGMP PDE5) is desired. 
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Field of the Invention 



[0001] This invention relates to pharmaceutical^ useful compounds, In particular compounds which are useful in the 
inhibition of cyclic guanosine 3\5'-monophosphate phosphodiesterases (cGMP PDEs), such as type 5 cyclic guanosine 
^^'-monophosphate phosphodiesterase (cGMP PDE5). .The compounds therefore have utility in a variety of thera- 
peutic areas, including male erectile dysfunction (MED). - 



Prior Art 



as 



[0002] International patent application WO 93/07149 discloses certain p^razolo(3,4-d]pyrimidinone compounds w 
antianginal agents. International patent application WO 96/16657 discloses the use of these compounds (amongst 
others) iri the treatment of MED. y 

Disclosure of the Invention 

[0003] According to the invention there is provided compounds of formulae IA and IB: 





IA 



IB 



wherein 



A represents CH or N; 

R 1 and R2 independently represent H, lower alkyl, Het, alkylHet, aryl or alkylaryl, which latter five groups are all 
optionally substituted (and/or, in the case of lower alkyl, optionally terminated) by one or more substituents selected 
from halo, cyano, nitro, lower alkyl, OR* C(0)R6 C(0)OR7, C(0)NR8R9 NR 10a R 10b and S0 2 NRHaRiib- 
R3 represents H pr lower alkyl, which latter group is optionally substituted and/or optionally terminated by one or 
more substituents selected from aryl, Het, halo, cyano, nitro, OR*, C(0)R6 C(0)OR7 C(0)NR 8 R9 and NR 10a R 10b 
and S0 2 NR 11 aRHb ; . • ' 1 ' wn 

R 4 represents S0 2 NR 12 R 13 ; 

R 12 and R13, together with the nitrogen to which they are attached, form Het; 

Het represents an optionally-substituted four- to twelve-membered heterocyclic group, which group contains at 
least one nitrogen atom and, optionally, one or more further heteroatoms selected from nitrogen sulphur and 
oxygen; and r 

R s , R» FP, RB, R» Rioa, Riob. R na and R1 , b independently represent, at each occurrence when used herein H 
or lower alkyl; 

or a pharmaceutical^, or a veterinarily, acceptable derivative thereof; provided that the compound is not: 

6-[2-ethoxy-5-(4-methyl-1-piperazinylsulphonyl)phenyl]-1-n-propyl-1,5-dihydro-4H-pyra2olo[3,4-d]pyrimidin- 
4-one; or 



4 one hyl ^ [5 " (morpholinosulphon y | ) " 2 ' n -P ro P ox yP nen yl]-1-n-propyl-l,5-dihydro-4H-pyrazob[3,4-d]pyrimidi 
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. which compounds are referred to together hereinafter as "the compounds of the. invention 8 . 
[0004] The term "aryl", when used herein, includes six- to ten-membered carbocyclic aromatic groups, such as phenyl 
and naphthyl, which groups are optionally substituted with one, or more substituents selected from aryl, lower alkyl, 
Met, halCH cyano : nitro, OR 5 , C(0)R 6 , C{0)OR 7 , C(0)NR 8 R 9 , NR 10a R 10b , SQ 2 NR 11a R 11b and N(H)S0 2 R 11a 

5 [0005] The term "Het", when used herein, includes four- to twelve-membered, preferably four- to ten-membered, ring 
systems, which may be wholly or partly aromatic in character. Each "Het" gro'up identified herein is optionally substituted 
by one or more substituents selected from halo, cyano, nitro, lower alkyl (which alkyl group may itself be optionally 
substituted or terminated a defined belowfor R 14 ), OR 5 , C(Q)R 6 : C(0)OR 7 , C(0)NR 8 R 9 a , nd,NR 10a R 10b , S0 2 NR 11a R 11 b 
and N(H)S0 2 R 11a The term thus includes groups such' as optionally substituted azetidinyl, pyrrolidinyl, imidazolyl, 
'io indolyl, oxadiazolyl, Jthiadiazolyl, triazolyl, tetrazdlyl, oxatriazolyl, thiatriazolyl, pyridazinyl, morpholinyl, pyrimidinyl, 
pyrazinyl, pyridinyl, quinolinyl, isoquinolinyl, piperidinyl, pyrazolyl imidazojjyridinyl and piperazinyl, e.g. 4-R 14 -piper- 
azinyl, wherein R 14 represents H or lower alkyl, which alkyl group is optionally substituted or terminated by one or more 
substituents selected from aryl, Het, halo, cyano, nitro, OR 5 , C(0)R 6 , C(0)OR 7 , C(0)NR 8 R 9 , NR 10a R 10b , 
S0 2 NR 11a R 11b andN(H)S0 2 R 11a ■ , 

15 [0006] "Het" groups may also be in the form of an N-oxide. , ■ 

[0007] For the avoidance of doubt, the nitrogen atom to which R 12 and R 13 are attached is the nitrogen atom that 
must be present in the relevant Het group. 

[0008] The term "lower alkyl", when used herein, includes C v6 alkyl. Alkyl groups which R 1 , R?, R 3 , R 5 , R 6 , R 7 , R 8 , 
R 9 , R 10a , R 10b , R 11a R 11b and R 14 may represent, and with which R 1 , R 2 and Het may be substituted, may, whenfhere 
20 js a sufficient number of carbon atoms, be linear or branched, be saturated or unsaturated, be cyclic, acyclic or part 
cyclic/acyclic, be interrupted by oxygen and/or be substituted by one or more halo atom. 

[0009] The terms "alkylHet" and "alkylaryl" 'include C.,_ 6 alkylHet and C v6 alkylaryl. The alkyl groups (e.g. the C-,. 6 
alkyl groups) of alkylHet and alkylaryl may, when there is a' sufficient number of carbon atoms, be linear or branched, 
be saturated or unsaturated, and/or be interrupted by oxygen. When used in this context, the terms "Het" and "aryl" 
25 are as defined hereinbefore. 

[0010] Halo groups with which R 1 , R 2 , R 3 , R 14 aryl, Het and above-mentioned alkyl groups may be substituted or 
terminated include fluoro, chloro, bromo and iodo. 

[0011']- 'Pharmaceutically, and veterinarily, acceptable derivatives includes salts and solvates. Salts which may»be 
1 mentioned include: acid addition salts, for example, salts formed with, inorganic acids such as hydrochloric, hydrobro- 
30 mic, sulphuric and phosphoric acid, with carboxylic acids or with organo-sulphonic acids; base addition salts; metal 
• : salts formed with bases, for example, the sodium and potassium salts. Pharmaceutically acceptable derivatives also 

include C A \oh A alkyl ammonium salts. ... 

[0012] Preferred compounds of the invention include those wherein, when the compound is a compound of formula 
IA, in which R 1 represents C,. 6 alkyl, R 2 represents H, methyl or ethyl, R 3 represents C 2 . 4 alkyl and A represents CH, 
35 then R 12 and R 13 , together with the nitrogen to which they are attached, do not form a pyrrolidinyl, piperidinyl, mor- 
pholinyl, 1-imidazoyl or a 4-R 14 -piperazinyl (in which R 14 represents H, C^_ 3 alkyl or hydroxyC 2 . 3 alkyl) group, which 
heterocyclic groups are optionally substituted by one or two alkyl groups. 

[0013] Further preferred compounds of the invention include those wherein, when A represents CH, R 2 does not 
represent lower alkyl or H. 

40 [0014] Further preferred compounds of the invention include those wherein, when A represents N, R 1 represents 
lower alkyl and R 2 represents lower alkyl, Het, alkylHet, aryl or alkylaryl. 
[0015] Preferred compounds of the invention include those wherein: 

R 1 represents linear, branched, cyclic, or acyclic, lower alkyl, Het or alkylHet; 
45 R2 represents linear or branched, cyclic, acyclic, or part-cyclic, lower alkyl (which alkyl group is optionally termi- 

nated by OH), alkylHet or alkylaryl (the alkyl group of both of which is optionally interrupted by an O atom), aryl or 
Het; 

R 3 represents linear or branched lower alkyl, optionally terminated by OR 5 , where R 5 represents H or methyl; 
R 12 and R 13 together with the nitrogen atom to which they are attached, represent 4-R 14 -piperazinyl, in which R 14 
50 js as hereinbefore defined. 

[0016] More preferred compounds of the invention include those wherein: 

R 1 represents linear or cyclic C 2 . 5 alkyl, Het or C n _3 alkylHet, in which both latter cases, Het represents a six- 
55 membered aromatic ring containing one or two nitrogen atoms; 

R 2 represents linear or branched, cyclic, acyclic or part-cyclic C v4 alkyl (which alkyl group is optionally terminated 
by OH), alkylHet (in which Het represents a six-membered heterocyclic group containing one or two nitrogen 
atoms), 0^3 alkylaryl (the alkyl group of which is optionally interrupted by an O atom), aryl or Het (in which Het 
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represents a six-membered heterocyclic group containing one or two nitrogen atoms); 
R 3 represents linear or branched alky I, optionally terminated by OR 5 , where R 5 represents H or methyl: 
R 12 and R 13 , together with the nitrogen atom to which they are attached, represent 4-R 14 -piperazinyl, in which R 14 
represents lower alkyl, optifenalty terminated by OH.' 

[001 7] Particularly preferred compounds of the. invention include those wherein: 

.FP represents ethyl, n-propyl or cyclopentyl, -CH 2 -Het (in which Het represents pyridin-2-yl) or pyrimidin-2-yl* 
R represents methyl, hydroxymethyl, ethyl, propyl or cyclopropyimethyl, -CH 2 Het (where Het is pyridin-2-yl ' py- 
rimidm-2-yl, morpholinyl or pyrazin-2-yl) : benzyl, -CH 2 OCH 2 -phenyl, phenyl or pyrazin-2-yl: 
R 3 represents linear or branched C 2 . 3 alkyl, optionally terminated by OCH 3 ; 

R 12 and R^ 3 , together with the nitrogen atom to which they are attached, represent 4-Ri 4 -piperazinyl, in which R 14 
represents C v3 alkyl optionally terminated by OH. 

15 [0018] Most preferred compounds of the invention include the compounds of Examples 1 to 25 described hereinafter. 
[0019] The compounds of the invention may exhibit tautomerism. All tautomeric forms of the compounds of formulae 
IA and IB, and mixtures thereof, are included within the scope of the invention. 

[0020] The compounds of the invention may also contain one or more asymmetric carbon atoms and may therefore 
exhibit optical and/or diastereoisomerism. Diastereoisomers may be separated using conventional techniques e g by 
fractional crystallisation or chromatography. The various stereoisomers may be isolated by separation of a racemic or 
other mixture of the compounds using conventional techniques e.g. fractional crystallisation or HPLC The desired 
optical isomers may be prepared by reaction of the appropriate opticafly active starting materials under conditions 
which will not cause racemisation or epimerisation. Alternatively, the desired optical isomers may be prepared by 
resolution, either by HPLC of the racemate using a suitable chiral support or, where appropriate, by fractional crystal- 
lisation of the diastereoisomeric salts formed by reaction of the racemate with a suitable optically active acid or base 
All stereoisomers are included within the scope of the invention. 
[0021] Also included within the scope of the invention are radiolabelled derivatives of compounds of formulae IA and 
IB which are suitable for biological studies. • 

30 Preparation , 

[0022] According to a further aspect of the invention there isprovided processes for the preparation of compounds 
of the invention, as illustrated below. ' , 

[0023] The following processes are illustrative of the general synthetic procedures which may be adopted in order 
35 to obtain the compounds of the invention: 

[0024] 1 . Compounds of fbrmulae I A and IB may be prepared by cyclisation of corresponding compounds of formulae 
IIA and If B, respectively: 



20 



25 



40 



45 



50 



HzN ^C J 2 tvL i f 



OR 3 o Y"\. or 3 o 





HA MB 



wherein R 1 , R2 r3 r4 anc j A are as defined previously for compounds of formulae IA and IB. 
[0025] This cyclisation may be accomplished under basic, neutral or acidic conditions using known methods for 
pyrimidone ring formation. Preferably, the cyclisation is performed under basic conditions using an alkali metal salt of 
an alcohol or amine, such as sodium ethoxide, potassium tert-butoxide or potassium bis(trimethylsilyl) amide in the 
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i 

presence of a suitable solvent, for example at reflux temperature (or, if performed in a sealed vessel, at greater than 
reflux temperature). The skilled person will appreciate that, when an alcohol is selected as solvent,, an appropriate 
alcohol of formula R 3 OH, or a*sterically hindered alcohol, eg 3-methyl pentan-3-ol, may be used if it is intended to 
mitigate alkoxide exchange at either the 2-position of the pyridin-3-yl, or the phenyl, substituent. 
5 [0026] Compounds of formulae 1 1 A and IIB may be prepared by reaction of corresponding compounds of formulae 
IMA and I IIB, respectively: 



10 



15 




IIIA IIIB 

20 

i 

wherein R 1 and R 2 are as defined previously for compounds of formulae 1 1 A and IIB, with a compound of formula IV 
or a carboxylic acid derivative thereof: 

25 



OR3 0 




R 4 

35 

IV 

wherein R 3 , R 4 and A are as defined previously for compounds of formula II A and IIB. 

[0027] This coupling reaction may be achieved by conventional amide bond forming techniques which are well known 
to those skilled in the art. For example, an acyl haiide (e.g. chloride) derivative of a compound of formula IV may be 
reacted with a compound of formula IIIA or IIIB in the presence of an excess of a tertiary amine, such as triethylamine 
or pyridine,, optionally in the presence of a suitable catalyst, such as 4-dimethyl aminopyridine, in a suitable solvent 
such as dichloromethane, at a temperature of about 0°C to room temperature. 

45 [0028] A variety of other amino acid coupling methodologies may be used to couple the compound of formula IIIA 
and IIIB with the compound of formula IV. For example, the acid of formula IV or a suitable salt thereof (eg sodium salt) 
may be activated with an appropriate activating reagent, e.g. a carbodiimide, such as 1,3-dicyclocarbodiimide or 1- 
(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochlorde optionally in the presence of 1 -hydroxybenzotriazole hy- 
drate and/or a catalyst such as 4-dimethylaminopyridine; a.halotrisaminophosphonium salt such as bromotris(pyrro- 

so lidinyl)phosphonium hexafluorophosphate; or a suitable pyridinium salt such as 2-chloro-1 -methyl pyridinium chloride. 
Either type of coupling reaction may be conducted in a suitable solvent such as dichloromethane or tetrahydrofuran, 
optionally in the presence of a tertiary amine such as N-methylmorpholine or N-ethyldiisopropylamine (for example 
when either the compound of formula IIIA or IIIB, or the activating agent is presented in the form of an acid addition 
salt), at from about 0°C to about room temperature. Preferably, from about 1 to 2 molecular equivalents of the activating 

55 reagent and from 1 to 3 molecular equivalents of any tertiary amine present may be employed. 

[0029] Alternatively, the carboxylic acid function of IV may be activated using an excess of a reagent such as N,N'- 
carbonyldiimidazole in an appropriate solvent, eg ethyl acetate, dichloromethane or butan-2-one, at from about room 
temperature to about 80°C, followed by reaction of the intermediate imidazolide with either a compound of the formula 
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IMA or IIIB at from about 20°C to about 90°C. 

[0030] In a further variation, a compound of formula IA or IB, as defined previously, may be formed in a one-pot 
procedure by coupling a compound of formula III A or.IMB with the acyl chloride derivative of formula IV and by cyclisinq 
the resultant intermediate compound of formula IIA or MB, using the methods as described previously. The one-pot 
procedure may further involve an in-situ coupling and cyclisation reaction fo form a compound of formula IA or IB 
Preferably, pyridine may serve as an acid scavenger and as the solvent for the in-si(u coupling and cyclisation reaction 

m L wo Cornpounds of formulae IA and IB may be prepared by cyclisation of corresponding compounds of formulae 
VA and VB, respectively: 




if 




VA 



VB 



wherein R', R2 R3, R4 and A are as defined previously for compounds of formulae IA and IB 
[0032] Preferably, the cyclisation is accomplished via hydrolysis, more preferably in the presence of a suitable base 
such as potassium hydroxide and a suitable solvent, such as a sterically hindered alcohol, such as 3-methyl-3-pentanol 
for example at reflux temperature. " y H 

!^ 33 l 5, D mP ° UndS 0< f ° rmUlae VA and VB may be prepared reac,io " of corresponding compounds of formulae 
VIA and VIB, respectively: , ■■ 

! . ' \ ' ' ■ ' 





VIA 



VIB 



wherein Ri and are as previously defined for compounds of formulae VA and VB, with a compound of formula IV 
or a carboxylic acid derivative thereof as defined previously, using standard amide bond forming techniques for ex- 
ample as described hereinbefore in respect of the coupling of a compound of formula IIIA or IIIB with a compound of 
formula I V. 

^ „ ?;, 1 < l ompounds of ,ormulae IA and IB ma V be prepared by reaction of corresponding compounds of formulae 
Vll A and VIIB, respectively: 



6 
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N— R1 



15 



VIIA 



VIIB 



wherein Y is halo, preferably chldro, bromo or iodo, R 1 , R 2 , R 3 and A are as previously defined for compounds of 
formulae IA and IB, with a compound of formula VIII: 



20 



R 12 R 13 NH 



VIM 



wherein R 12 and R 13 are as previously defined for compounds of formulae IA and IB. 

[0035] This reaction is typically performed at 0°C to room temperature, preferably in the presence of an appropriate 
solvent such as a Cj to C 3 alcohol or dichloromethane, optionally using an excess of the compound of formula VIM 
25 and, optionally, in the presence of another suitable base, such as triethylamine. 

[0036] Compounds of formulae VIIA and VIIB in which 'A is CH may be prepared from corresponding compounds of 
formulae IXA and IXB, respectively: 



30 



35 





N-R 1 



40 



IXA 



IXB 



45 



SO 



wherein R 1 , R 2 and R 3 are as previously defined for compounds of formulae VIIA and VIIB, for example using conven- 
tional methods for the introduction of a S0 2 Y group into an aromatic ring system, for example reaction with a compound 
of formula S0 2 Y and/or a compound at formula YS0 3 H. When Y is chloro, an excess of chlorosulphonic acid, optionally 
with an excess of thionyl chloride, at from about 0°C to room temperature, may be used in an appropriate organic 
solvent (e.g. dichloromethane). 

[0037] Compounds of formulae IXA and IXB in which R 1 represents lower alkyl, alkylHet or alkylaryl may be prepared 
by alkylation of a corresponding compound of formula X: 



55 
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0 

1 1 


R 2 


or 3 hntN 


6 



r 

' X i 



I 



;r sss^ < ^s ,8, compounds ~ e ,xa and ,xb - usin9 me,hods which afe - 

(i L r ?u Cti0n ° f 8 compound of ,ormula x with a compound of formula FW. wherein R1« represent lower alkvl 

! 2 s y !^'' L1 " 8 SUi,ab ' e ' eaVin9 9r ° Up ' USin9 — ' io -l technique wh ^1 own* 

sTeZed T„ he ™ ^ ' eaVin9 9f ° UP * ha '° (pre,erab * ch,or0 ' b '°™ « **>> andThe allien 

is performed in the presence of an appropriate base, optionally in the presence of sodium iodide or potassium 

" 7 °° C ,0 ab ° Ut 1 °°° 9 Pre,erablV ^ a ' ky,a,i0n IS C ° nduded * abo^ TeSratu^ 
Suitable base-solvent combinations may be selected from: 

(a) sodium, potassium or cesium carbonate, sodium or potassium bicarbonate, or a tertiary amine such as 
thiamine or pyndme, together with a C, to C 4 alkanol, 1 ,2-dimethoxye.hane, tetrahydrofLn i 4 dloxan 
acetonitnle, pyridine, dimethylformamide or N.N-dimethylacetamide; 

. • KtSSSKS^* asod ™ or potass " m ? 10 ° 4 a,koxide ' t09e,her with a C i 

(c) lithium sodium or potassium hydride,, lithium, sodium or potassium bis(trimethylsilyl)amide lithium diiso 

. , propylamide or butyllithium, together with toluene, ether, 1 ,2-dimethoxyethane, teul^TnonZ^, 

(d) under phase transfer catalysis conditions, a tetraalkylammonium halide or hydroxide, together with a mix- 
chlol rm aqUe ° US SOlU, '° n ° f SOdiUm ° r P ° ,aSSiUm h * droxide and dichloromethane, 1 ,2-dich,oroethanTor 

(ii) reaction of a compound of formula X with a compound of formula R 1a OH, wherein R* is as defined above 
Typ-cal reaction conditions involve treating X with the alkanol in the presence of a triav^^^?i?t 

2£SMS22T in a suitab,e so,vent such as ,el ~ an or 1 ~ - !° 

Sk, C ° mp °"" dS ° f ,0rmulae IXA and ,XB ' in which R* represents low e ; alkyl, alkylHet or alkylaryl may be alter- 
nately prepared from corresponding compounds of formulae XIA and XIB, respectively: 
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10 




, ; XIA ' xib 

15 

wherein R 1 and R 3 are as previously defined for compounds of formulae IXA and IXB, by reaction with an organometallic 
compound of formula: 

2a * 
20 R M 

wherefn M represents for example Li or MgHall Hal represents halo (e.g. Br) and R 2a represents a group which provides 
the relevant group R 2 upon reaction with the -C=0 group which is attached to the pyrazole ring (e.g. when the R 2 group 
to be formed is ethyl, R 2a represents methyl and when the R 2 group to be formed represents benzyl, R 2a represents 

25 phenyl), followed by deoxygenation of the resultant secondary alcohol, using methods which are well known to those 
skilled in the art. , 
[0039] Compounds of formula R 2a M are commercially available or are available using well known methods, for ex- 
• ample,* when M represents Li and R 2a represents alkyl, by reacting an alkyl lithium reagent with a compound of the 
' formula R 2a Z, wherein Z is a group that undergoes lithium exchange, such as halo (eg bromo and iodo) or a tri-alkyl- 

30 stannyl group, in a suitable solvent such as tetrahydrofuran at low temperature, preferably below minus 68 0 O (e.g. 

■ : • -78°C). ,■■'•«. *' ■ ' . \. . . 

[0040] Preferably, the compounds of formulae XIA and XIB are reacted With an excess of the reagent R 2a M, at low 
temperatures, preferably below -68°C (e.g. -78°C), in a suitable solvent such as tetrahydrofuran. Preferably, the alcohol 
functionality of the resultant secondary alcohol is converted to an alkyl group. For example by reaction with thiocarb- 

35 onyldiimidazole followed by hydride reduction. Typically, the reduction of the derivatised secondary alcohol is effected 
with a hydrogen atom donor, such as with tri-n-butyltin hydride, in a suitable solvent, such as toluene, at reflux tem- 
perature of the reaction. 

[0041] Compounds of formulae XIA and XIB may be prepared by the oxidation of corresponding compounds of 
formulae XII A and XIIB, respectively: 

40 



45 




XIIA XIIB 

55 wherein R 1 and R 3 are as defined previously.for compounds of formulae XIA and XIB, using methods which are well 
known to those skilled in the art. 

[0042] Compounds of formulae XIIA and XIIB may be prepared by cyclising corresponding compounds of formulae 
XIIIA and XIIIB, respectively: 
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10 




O OR 15 




15 



XIIIA 



XIIIB 



20 



whe re ,n ri and R3 are as defined previously lor compounds of formulae XIIA and XIIB, and Ris represents an alcohol 
pr 0 «ec,nggroupsuchasbenzyl;whichisstable,otheconditionsof and^EZTbTn^ 
under m d cpnd.t.ons which do no. substantially affect the integrity of the resultant co mp oZ TlTxMo^m 

iszsssiss * ay be periormed using ana,o9ous conditions ,o ~ --cZit?^ 

xTand'C'^ 



25 



30 



35 




OR15 




XIVB 



45 



OR 3 O 




50 



55 



XV 

wherein R3 is as previously defined for compounds of formulae XIIIA and XIIIB. The coupling reaction mav be achieved 
by conventional amide bond forming techniques which are wel. known to those skilled £ the a TTeSe bv usina 
techn.queswh.cn are ana,^^^ 

zz asisi^ in a represen,s n may be — <™ — ° 
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XVA XVB 

wherein R 1 , R 2 and R 3 are as previously defined for compounds of formulaeVIIA and VIIB, for example using methods 
known to those skilled in the art for converting an amino group to an S0 2 Y group (in which Y is as previously defined 
for compounds of formulae VII A and VIIB). For example, compounds of formulae VIIA and VIIB in which Y is chloro 
may be prepared by reacting a corresponding compound of formula XVA or XVB with about a two-fold excess of sodium 
nitrite in a mixture of concentrated hydrochloric acid and glacial acetic acid, at from about -25°C to about 0°C : followed 
by treatment with excess'liquid sulphur dioxide and a solution of about a three-fold excess of cupric chloride in aqueous 
acetic acid, at from about -15°C to about room temperature. 

[0045] Compounds of formula XVA and XVB may be prepared by cyclisation of a corresponding compound of formula 
XVC or XVD (as appropriate): ( 




NH 2 NH 2 

XVC XVD 

wherein R 1 , R 2 and R 3 are as hereinbefore defined for compounds of formulae XVA and XVB, for example under similar 
conditions to those described hereinbefore for preparation of compounds of formulae IA and IB. 
[0046] Compounds of formulae XVA and XVB may alternatively be prepared by reduction of the corresponding nitro- 
pyridine compound under conditions which are well known to those skilled in the art. Such nitro compounds may be 
prepared by cyclisation of appropriate precursors, for example as described above. 

[0047] 4. Compounds of formulae I A and I B, in which R 2 represents lower alkyl, alkylHet or alkylaryl, may alternatively 
be prepared by reaction of corresponding compounds of formulae XVIA and formula XVIB, respectively: 
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10 



15 



20 



25 




N— R1 




XVIA 



XVIB 



ctr^ 

using methpds which are! t V ^oxygenation of the resultant secondary alcoho., 

which provides an R* group uponTactio with th! r n „ ' Vl M ™ am ™ Uon USi " 9 a basic com P™<> 
which provides (R*,- p r ° or to react on 2 t^e rfl 7 T P Wh,Ch ' S attaChed fo the pvrazole rin 9 < e 9- a group 
those skilled in the art ^ SUCh 3 ™ f P M ^ using methods which are well known to 

10049, , Compounds «, ZZ5^2L'£££J 5 oh"2T """"df" 9 " " "* 8r *' 
cc.espond™, compounds of formulae XVIIA and XMia respuaatS d.protMon o. 
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[0051] Compounds of formulae IIIA and 1MB, IV, VIA and VIB VIII X XIVA and xivr yv/ h . 
compounds of formulae R'U RiaoH anri R2a7 Lm 11, ♦ .u . B ' XV> and 30/0 and ™ D < and 

sequently described may be obtained et^' a „ ? T.f here0 '' Whe " ^ commercial 'y available or not sub- 
thetic procedures, ^ZT^Z^^S^ P ^ UU d " C * 9d hef6in ' ° r bv ^ventiona. svn- 
reagents and reaction colons ' *' ^ fM * y aCC6SSI ' ble S,artina ma,erials usin 9 appreprfie 

[0053] The skil.ed person will also appreciate that various standard substituen. or functional group interconversions 
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t 

and transformations within certain compounds of formulae IA and IB will provide other compounds of formulae JA and 
IB. Examples include alkoxide exchange at the 2-position of the 5-phenyl and the pyridin-3-yl substituents, and for 
compounds in which R 1 , R 2 , R 3 »and R 4 represents an alkyl group which is terminated by OH, deprotection of a corre- 
sponding ether compound^ formula IA or IB (see the Examples below). Moreover, certain compounds of formulae I A 
5 and IB, for example those in which R 12 and R 13 , together with the nitrogen to which they are attached, form a 4-R 14 - 
piperazinyl group, in which R 14 does not represent H, may be prepared directly from the corresponding piperazine 
analogues in which R 14 is hydrogen, using standard procedures (e.g. alkylation). 

[0054] The compounds of the invention may be isolated from their reaction mixtures using conventional techniques. 
[0055] It will be appreciated by those skilled in the art that, in the course ol carrying out the above processes described 

io above, the functional groups of intermediate compounds may need to be protected by protecting groups. 

[0056] Functional groups which it is desirable to protect include hydroxy, amino and carboxylic acid. Suitable pro- 
tecting groups for hydroxy include trialkylsilyl and diarylalkylsilyl groups (e.g. te/lbutyldimethylsilyl, ferfbutyldiphenylsilyl 
or trimethylsilyl) and tetrahydropyranyl. Suitable protecting groups for amino include terrbutyloxycarbonyl; 9-fluorenyl- 
methoxycarbonyl or benzyloxycarbonyl. Suitable protecting groups for carboxylic acid include C us alkyl or benzyl es- 

15 ters. 

[0057] The protection and deprotection of functional groups may take place before or after any of the reaction steps 
described hereinbefore. 

[0058] Protecting groups may be removed in accordance with -techniques which are well known to those skilled in 
the art. 

20 [0059] The use of protecting groups is fully described in. "Protective Groups in Organic Chemistry", edited by JWF 
McOmie, Plenum Press (1973), and "Protective Groups in Organic Synthesis", 2 nd edition,' TW Greene & PGM Wutz, 
Wiley-lnterscience (1991). 

[0060] Persons skilled in the artwill also appreciate that, in order to obtain compounds of formula I in an alternative, 
and, on some occasions, more convenient, manner, the individual process steps mentioned hereinbefore may be 

25 performed in a different order, and/or the individual reactions may be performed at a different stage in the overall route 
(i.e. substituents may be added to and/or chemical transformations performed upon, different intermediates to those 
mentioned hereinbefore in conjunction with a, particular reaction). This will depend inter alia on factors such as the 
nature of other functional groups present in a particular substrate t the availability of key intermediates and the protecting 
group strategy (if any) to be adopted. Qlearly, the type of chemistry involved will influence the choice of reagent that 

30 is used in the said synthetic steps, the need, and type, of protecting groups that are employed, and the sequence for 
accomplishing the synthesis. • . ... 

[0061] Pharmaceutical^ acceptable acid addition salts of the compounds of formulae I A and IB which contain a basic 
centre may be prepared in a conventional manner. For example, a solution of the free base may be treated with the 
. appropriate acid, either neat or in a suitable solvent, and the resulting salt may then be isolated either by filtration of 

35 by evaporation under vacuum of the reaction solvent. Pharmaceutical^ acceptable base addition salts can be obtained 
in an analogous manner by treating a solution of a compound of formula I A or IB with the appropriate base. Both types 
of salt may be formed or interconverted using ion-exchange resin techniques. 

[0062] It will be appreciated by those skilled in the art that certain protected derivatives of compounds of formula I, 
which may be made prior to a final deprotection stage, may not possess pharmacological activity as such, but may, in 
^o certain instances, be administered orally or parenterally and thereafter metabolised in the body to form compounds of 
the invention which are pharmacologically active. Such derivatives may therefore be described as "prodrugs". Further, 
certain compounds of formula I may act as prodrugs of other compounds of formula I. 

[0063] All protected derivatives, and prodrugs, of compounds of formula I are included within the scope of the inven- 
tion. 

4S 

Medical Use 

[0064] The compounds of the invention are useful because they possess pharmacological activity in animals, espe- 
cially mammals, including humans. They are therefore indicated as pharmaceuticals, as well as for use as animal 
50 medicaments. 

[0065] According to a further aspect of the invention there is provided the compounds of the invention for use as 
pharmaceuticals, and for use as animal medicaments. 

[0066] In particular, compounds of the invention have been found to be potent and selective inhibitors of cGMP PDEs, 
such as cGMP PDES, for example as demonstrated in the tests described below, and are thus useful in the treatment 
55 of medical conditions in humans, and in animals, in which cGMP PDEs, such as cGMP PDES, are indicated, and in 
which inhibition of cGMP PDEs, such as cGMP PDE5, is desirable. 

[0067] By the term "treatment", we include both therapeutic (curative) or prophylactic treatment. 

[0068] Thus, according to a further aspect of the invention there is provided the use of the compounds of the invention 
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tension, pulmonary hypertension, congestive heart Sure ai^t ' ? ! (Pr,n2me,al > an 9™, "VPer- 

ditions of reduced blood vessel patency ea posM ans unS ™ * ^ P6riphera ' VaSCU ' ar disease - co "" 
bronchitis, allergic asthma, allergic 2 tn*7ll ? an9,0p,aS,y (P 05 '"™)), chronic asthma, 
> irritable bowel syndrome (IBS)) O.he cond^ls whth' If k Chara . cterised * dis °^* of gut motility (e.g. 
drome, nitrate tolerance, multiple s oS ^phetl diabS, T* Sasaki's syn 

ratory failure, psoriasis, skin necrosis Zcf r SZl Tt neuropa . ,h ^ ( s,roke > Alzheimer's disease, acute respi- 
ion. Parties 

-ibi^ 

Peutically effective amount o* a Jmp^und 
Pharmaceutical Preparations 

o^lIclX^ -any or by any parente'ra, route, in th.form 

ganic, acid, or base, addition sal,, i 72 ZcTc2"^TT^ ^ ° f 3 n ° n - ,0XiC ° r 
patient to be treated, as well as the ro^^lulr^o^ 9 " ^ *» disorder and 

[0072] The compounds of the invention mav aTso b rnl ' ^° S,Uons ma V be administered a. varying doses. 
PDEs; such as cGMP-PDE5 V mbined W ' ,h any 0,her dru 9 s use,ul j " the inhibition of cGMP- 

En ^^7^^^^::~^ a^e but wi„ generally be adminis- 

of administration and standard P "s m ^Z a ^e ^ "* *° ,he in,ended rou,e 

immediate-, delayed- or oort^^XST^'oS^^ f^™ 9 " COl ° UrinQ for ' 

ihtracavernos^l injection apP"cai,ons. The compounds .of mvent.on may also be administered via 

sodium starch glycollate. croscarmellose soSm an clrSfnT f , (Pre<erably C ° m ' P ° ,atoor ta P ioca sta «=h). 
yvinylpyrrdidone, hydroxypropylmeJhyTe.SosI 1^0 ^ T T*' ^ 9ranU ' a,i ° n binders such a * P°" 
Additionally, .ubricating agent such as n^Jm^^^^ Ul088 (HPC) ' SUCr ° Se ' 9e ' a,in and acacia ' 
[0076] Solid compositions of a ^IS^Jl^SZ behena,e and ta " «V be included, 

in this regard include lactose starch a cellosTmS^nn! S T f ' n 9e ' a,in capsules Preferred excipients 
suspensions and/or e.ixirs. the I compound *>r aqueous ' 

agents, colouring matter or dyes, vl wIsmSZSmT* "* Vari ° US SW6etenin 9 or flavourin 9 

propy,ene g.yco, and glycerS! and ' 9 ^ ^ W " h di ' Uen ' S SUCh 38 wa,er ' etha "°' 

S^:^ * -ample, intravenously, intra- 

ously, or they may be administered by w SEE?*, '"'TT "* in,ra ™ la "y °' subcutane- 
which may contain other substances ™J^3T^T , " *" t0m ° f 8 S,erile aqueous solu,i °" 
The aqueous so.utions shoufd be suteS J SK(5S2^ a ohST ITS ^ iS0, ° niC btood 

g. j °^r^ sr d rr dosa9e ,evei - ,he — - - 

course, be individual instance hC^S^S^TrTT^ ^ ^ ~ Th6re Ca " ol 
invention. 9 Wer dosage ran 9 es are merited and such are within the scope of this 

[««», The ., ,„„ ^ can ato aam , nfettr9d WranaM% ^ by jnBaBiic<i ^ ^ 
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. delivered in the form of a dry powder inhaler or an aerosol spray presentation Irom a pressurised container, pump, 
spray or nebuliser with the use of a suitable propellant, e.g. dichlorodifluoromethane, trichlorofluoromethane, dicrjlo- 
rotetrafluoroethane, a hydrofluoroalkane such as 1 , 1 , 1 ,2-tetrafluoroethane (HFA 134A™ or 1 ,1 ,1 ,2,3,3,3-heptafluor- 
opropane (HFA 227EA™), carbon dioxide or other suitable gas. In the case pf a pressurised aerosol, the dosage unit 

5 may be determined by providing a valve to deliver a metered amount. The pressurised container, pump, spray or 
nebuliser may contain a solution or suspension of the active compound, e!g. using a mixture of ethanol and the pro- 
pellant as the solvent, which may additionally contain a lubricant, e.g. sorbitan trioleate. Capsules and cartridges (made, 
for example, f rom gelatin) for use in an inhaler or insufflator. may be formulated to contain a powder mix of a compound 
of the invention and a suitable powder base such as lactose or starch. 

10 [0081] Aerosol or c/ry powder formulations are preferably arranged so that each metered dose or "puff" contains from 
1 to 50 mg of a compound of the invention for delivery to the patient. The oVerall daily dose with an aerosol will be in 
the range of from 1 to 50 mg, which may be administered in a single dose or, more usually, in divided doses throughout 
the day. 1 

[0082] Alternatively, the compounds of the invention can be administered in the form of a suppository or pessary, or 
15 they may be applied topically in the form of a lotion, solution, cream, ointment or dusting powder. The compounds of 
the invention may also be transdermal^ administered, for example, by the use of a skin patch. They may also be 
administered by the ocular route, particularly for treating diseases of the eye. 

[0083] For ophthalmic use, the compounds of the invention can be formulated as micronised suspensions in isotonic, 
pH adjusted, sterile saline, or, preferably, as solutions in isotonic, pH adjusted, sterile saline, optionally in combination 
20 with a preservative such as a benzylalkonium chloride. Alternatively, they may be formulated in an ointment such as 
petrolatum. 

[0084] For application topically to the skin, the compounds of the invention can be formulated as a suitable ointment 
containing the active compound suspended or dissolved in', for example, a mixture with one or more of the following: 
mineral oil, liquid petrolatum, white petrolatum, propylene glycol, polyoxyethylene polyoxypropylene compound, emul- 

25 sifying wax and water. Alternatively, they can be formulated as a suitable lotion or cream, suspended or dissolved in, 
for example, a mixture of one or more of the following: mineral oil, sorbitan monostearate, a polyethylene glycol, liquid 
paraffin, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water 

/ [008&]' .-The skilled person will also be appreciated that; in the treatment of certain conditions (including MED and 
1 FSD), compounds of the invention may be taken as a single dose on an "as,required u basis (i.e. as needed or desired). 

30 [0086] Generally, in humans, oral administration of the compounds of the invention is the preferred route, being the 

• : most convenient and, for example in MED, in avoiding the well-known disadvantages associated with intracavernosal 
(i.e. 1 ) administration. ( 
[0087] A preferred oral dosing regimen in MED for a typical man is from 25 to 250 mg of compound when required. 
[0088] In circumstances where the recipient suffers from a swallowing disorder or from impairment of drug absorption 

35 after oral administration, the drug may be administered parenterally, e.g. sublingually or bucally. 

[0089] For veterinary use, a compound of the invention is administered as a suitably acceptable formulation in ac- 
cordance with normal veterinary practice and the veterinary surgeon will determine the dosing regimen and route of 
administration which will be most appropriate for a particular animal. 

[0090] Thus, according to a further aspect of the invention there is provided a pharmaceutical formulation including 
40 a compound of the invention in admixture with a pharmaceutical^ or veterinarily acceptable adjuvant, diluent or carrier. 
[0091] In addition to the fact that compounds of the invention inhibit cyclic guanosine 3\5'-monophosphate phos- 
phodiesterases (cGMP PDEs) and in particular, are potent and selective inhibitors of cGMP PDE5, compounds of the 
invention may also have the advantage that they may be more efficacious than, be less toxic than, have a broader 
range of activity than, be more potent than, produce fewer side effects than, be more easily absorbed than, or they 
45 may have other useful pharmacological properties over, compounds known in the prior art. 

[0092] The biological activities of the compounds of the present invention were determined by the following test 
methods. 

Biological Tests 

so 

Phosphodiesterase (PDE) Inhibitory Activity 

[0093] in vitro PDE inhibitory activities against cyclic guanosine 3',5'-monophosphate (cGMP) and cyclic adenosine 
3\5'-monophosphate (cAMP) phosphodiesterases were determined by measurement of their IC 50 values (the concen- 
55 tration of compound required for 50% inhibition of enzyme activity). 

[0094] The required PDE enzymes were isolated from a variety of sources, including human corpus cavernosum, 
human and rabbit platelets, human cardiac ventricle, human skeletal muscle and bovine retina, essentially by the 
method of W.J. Thompson and M.M. Appleman (Biochem. , 1 971 ,jtp, 311 ). In particular, the cGMP-specific PDE (PDE5) 
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and the cGMP-inhibited cAfylP PDE (PDE3) were nhtsinpri f^m k 

or rabbi, platelets; the cG^dmuJ^TO^^S Sin ed^roZ" CaVem ° SUm hUman P ' a,e,e,S 

calmodulin (Ca/CAM)-dependen. PbE (PDE1) from human ™h fro " 1 .^ ma " co T™s cavernosum; the cajcium/ 

of cGMP-specific PDE5. . ■ COmpounds of l ^ present invention are potent and selective inhibitors 

Functional Activity 

'Zt^-Zc^ZT^^?^;^ « 8 - - » sodium 

al^al. (8rH. J. Pharmacdl., 1996, 118 (si^l ) a^lracM53P) eino sarp tissue slrrps, as described by S.A. Ballard 

In Vivo Activity ■ 

—,, s ,„ 9 . ™ M based JL ^5KS^5S=^SrrT^S^* 
Safety Profile 

?£L£%^ rr n may be ,es,ed at ^ iv and p ° *~ - — «* as mou Se and d09 , 

Examples and Preparations 

S^U JSSS ■« IS °" he " °' ■» '» - — . aid «,« by 

^0^^^^^ • »0 dr , 

(8) are given In pads^™,,,^ »w*»Zi «, ?™ ZT* M MC ""'* Ch.radKris.ic bh.nibal sh„a 

E^ST"** *"* 8 RS ™ S 1* ™» sp.d.r.pie.e, h „. .p.^ 

[0102] Room temperature' includes 20 to 25°C. 

Synthesis o f Intermediate ' 
Preparation 1 

2-(1-Hydroxv-2-phenv!ethy!iri ene)malononiirilA 

room temperature for an hour, and then re<S<^ Mo O^^TTT™ ^ *" mix,Ure a « 
rahydrofuran (20ml) was added dropwise ov? an hour mtS 2 Pheny,acetyl Chloride < 80 ™'. 60mmo.) in Mi- 
^'nenstirreda^^ below ^, and the reaction 

pressure, the residue partitioned between ether (SOmh and M Z I h m tnef "«t"re concentrated under reduced 
The aqueous .ayer was extracted with £ ( S ih 0^0!°" f" (5 ° ml) *" ^ PhaS6S Separa,ed ' 
(Na 2 S0 4 )andeva P ora,ed under reduced pn^^^SS^^-^ ^ brine (50ml) ' dried 
residual silicon oil, and the filtrate evaoorateri , Zt„ VT 1 " WasdlSSOlved,naceton,trile ( 1 00ml), filtered to remove 
(H.20g). 6 (CDCy : 3.93 (^^S^^S^ * ** C ° mp ° Und aS a b ™ * 
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Preparation 2 

2-f2-(Benzvloxv)-1-hvdroxvethy1<dene)malononitrile 

5 [0104] Obtained as a beige solid (33%), after recrystallisation from diisopropyl ether, from benzyloxyacetyl chloride 
and malononitrile, using a similar procedure to that described in preparation 1 . 
8 (CDCI 3 ) : 4.46 (2H, s), 4.72 (2H, s), 7.34 (2H, m), 7.41 (3H, m). 

Preparation 3 1 ' 

10 . 
2-(1-Hvdroxy-2-methylpropylidene)malononitrile 

[0105] Obtained as a beige solid (88%) from isobutyryl chloride and malononitrile using the procedure of preparation 
1. 

15 6 (CDCI3) : 1.23 (6H, d), 3.16 (1H, m). 
Preparation 4 

2-(2-Cyclobutvl-1-hydroxvethvlidene)malononitrile 

20 

[0106] Obtained as a brown oil (100%) from cyclopropylacetyl chloride (J.Med.Chem. 1 984, 27, 1 291 ) and malonon- 
itrile, using the procedure of preparation 1. 

6 (CDCI3) : 0.34 (2H, m), 0.63 (2H> m), 1 .05 (1 H, m), 2.53 (2H, d), 9.72 (1 H, s). 
LRMS: m/z 166 (M+18)+ 

25 

Preparation 5 

2-( 1 -Methoxv-2-phenvlethylidene)malononitrile • j 

30 [0107] A solution of the title compound of preparation 1 (11 20gj' 62mmol) in tetrahydrofuran (50ml) was added drop- 
wise to an ice cooled solution of sodium hydride (5.86g„60%, 62mmol) in tetrahydrofuran (40ml) and the mixture stirred 
at room temperature for 20 minutes, then re-cooled to 0 d C in an ice bath. A solution of dimethyl sulphate (2.4$g, 
62mmol) in tetrahydrofuran (40ml) was added dropwise over an hour and once addition was complete the reaction 
was heated under reflux for 3 hours, then stirred for a further 1 8 hours at room temperature. The reaction mixture was 

35 concentrated under reduced pressure, the residue partitioned between ethyl acetate (100ml) and ice cold sodium 
hydrogen carbonate solution (50ml), and the phases separated. The organic layer was washed with water (25ml), brine 
(25ml), dried (Na 2 S0 4 ) and evaporated under reduced pressure. The residual oil was purified by column chromatog- 
raphy on silica gel, using an elution gradient of etherpentane (95:5 to 50:50) to afford the title compound as an orange 
oil, (7.47g). 

40 5 (CDCI3) : 4.02 (5H, m), 7.22-7 .42 (5H, m). 
Preparation 6 

2-[2-(Benzvloxv)-1-methoxyethvlidene1malononitrile 

45 ■ 

[0108] Obtained as a brown oil (78%) from the title compound of preparation 2, using a similar procedure to that 
described in preparation 5. 

8 (CDCI3) : 3.98 (3H, s), 4.20 (2H, s), 4.43 (2H, s), 7.38 (5H, m). 
so Preparation 7 

2-( 1 -Methoxv-2-methylpropvlidene)malononitrile 

[0109] A solution of the title compound of preparation 3 (3.37g, 24.8mmol) in dioxan (25ml) was added to a suspen- 
ds sion of sodium hydride (780mg, 26mmol) in dioxan (40ml), the mixture stirred for 10 minutes, and dimethyl sulphate 
(2.5ml, 26mmol) added dropwise. The reaction mixture was heated under reflux for 18 hours, cooled and concentrated 
under reduced pressure. The residue was partitioned between ethyl acetate (100ml) and water (50ml), the phases 
separated, and the organic layer washed with brine (25ml), dried (MgS0 4 ) and evaporated under reduced pressure. 
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• 8 (CDCy : 1.20 (6H, d), 3.19 (1H, m), 4.38 (3H s) 

. LRMS:m/2l66 (M+i8)+ 

s " ■ 

Preparation 8 * «' 

2-(2-Cvclobu1yl-i-meth 0 YyPth y i i dene>ma | nnnnitfilo 

75 Preparation 9 

5-Amino-3-ben7Vl-i-n- P ro D vMH TYra zoie-4-c a rhnnitri,c 



20 



25 



30 « 



BOmmol, in methano, 

in methanol (10ml) was added Sropwise, and th ^^ZTZ^l " ™»«*** 5 (6 ° 3a ' 30 ™ m ° | ) 

was concentrated under reduced pressur th esi^s^Z^T h m ^ ** 4 h ° UrS ' The C °° led mi * lure 
solution and liltered. The filtrate was eJLT^ZT S "f pended ln a d '<=hloromethane:methanol (90.10) (100ml) 

chromatography on silica J^J^Z^^^'^^ ^ ** ptM P ^ b colu ™ 
compound as a yellow solid (5 13g) d,chloromethane:methanol (100:0 to 95:5) to afford the title 

ft* 1 ' 8 ° (2H ' "* 378 < 2H ' ^ (2H, s), ,18-7,4 (5H, m). • 



Preparation 10 

5-Amino.3-(ben 7 vloxv)m 6 thvl.i.n. n ^ rv ,. 1H , avra7h , p ^, parh _ g 



35 



40 



ration 6 (15.0 9 , 66mmol) in methanol (SOmh TsILZTZl.T \ °' ,he ,itle com P ound of P' e P a ' 

reaction mixture was heated under <^T^£?Z^h °"* WaS C ° mple,e ' ,he 

added, the mixture concentrated under reduced pressure and ,1 w * temperature - Vteter (2ml) was 
and brine (100ml). and the phases separated Th? a T he reS ' dUe P artrt '<™ d between ethyl acetate (100ml) 
combined organic 'layers dried ^S^^S^JS^ ™ ***** "* ^ aCe,a,e < 2x100 U *• 
column chromatography on silica gel, ing an E2?25 ^ ^ WaS PUr * ed » 

the title compound, (3 7g) 9 ' dlchlorom ethane.methanol (98:2 to 94:6) to afford 

LRMS^mft271 (M+l')* ' ^ ^ '")- 3.88 (2H. t), 4 50 (2H, s), 4.5S (2H. s), 7.36 (5H. m), 
45 Preparation 11 

5-Amino-3-(ben 7 vloxv)methvl.i -P.hyM H^ragole^arbon - 

- ^i.^^cTCS?,? (3?%) ,f0m ^ ti,,e C ° mp0Und - * and ethy, hydrazine oxalate 

LRMS:m/z258(M+l)+ 



55 



Preparation 1P 

5-Amino-3-isopro P vl-i- n -prn PV i- 1H - DV r a 7o>P-zt-r a rh^^; h 
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8 (CDCI 3 ) : 0.97 (3H, t), 1.32 (6H, d) 1.82 (2H, m), 2.98 (1H, m), 3.80 (2H, t), 4.10 (2H, s). 

Preparation 1 3 *■■ 

5 5'Amino-3-cvclopropvlmethyl-1-n-propvl-1H^pyrazole-4-carbonitnle 

[01 15] Obtained as a yellow solid (40%) from the title compound of preparation 8 and propyl hydrazine oxalate, using 
the procedure of preparation 9. 

8 (CDCI3) : 0.22 (2H, m), 0.50 (2K m), 0.92 (3H, t), 1.02 (1H, m), 1.80 (2H, m), 2.47 (2H, d). 3.78 (2H, t), 4.10 (2H, s). 
10 LRMS : m/z 205 (M+i ) + 

Preparation 14 

5-Amino-1 -ethyl-3-(2-pyrazinyl)-1 H-pyrazole-4-carbonithle 

15 

[0116] Sodium hydride (9.72g, 60%, 243mmol) was added portionwise to a cooled (5°C) solution of malononitrile 
(7.9g, 120mmol) in tetrahydrofuran (75ml), and the mixture stirred for 20 minutes. A solution of 2-pyrazinecarbonyl 
chloride (J.Med.Chem. 1992, 35, 1214) (1 7. 1 g : 120mmol) in tetrahydrofuran (250ml) was added dropwise so as to 
maintain the internal temperature below 10°C, and the mixture then stirred at room temperature for an hour. Dimethyl 

20 sulphate (18.16g, 144mmol) was added, the mixture heated under reflux for 3 hours, allowed to cool, triethylamine 
(58.5ml, 420mmol) and ethyl hydrazine oxalate (18g, 120mmol) added and the reaction mixture heated under reflux 
for 18 hours. The solvent was decanted from the cooled reaction mixture and the residual brown gum extracted with 
dichloromethane (2x1 50ml). .The combined organic solutions were evaporated under reduced pressure and the crude 
product purified by column chromatography on silica gel, using, ethyl acetate:hexane (50:50) as eluant to afford the 

25 title compound, (1.2g). 

8 (CDCI3) : 1.48 (3H, t), 4.03 (2H, q), 4.35 (2H, s), 8.50 (1H, s), 8.61 (1H, s), 9.17 (1H, s). 
LRMS : m/z 215 (M+1) + 

....... ... , ... ■■ • , • ■ • • . ■ . j 

Preparation 15 , ' 

30 : 
5-Amino-1rn-propyl-3-(2-pvrazinvl)-1H-pvrazole-4-carbonitrile ■ ■ 

• i 
[011 7] Obtained as a solid (5%) from malononitrile, propyl hydrazine hydrochloride and 2-(2-pyrazinyl)acetyl chloride, 

using a similar procedure to that described in preparation 14. 

35 8 (CDCI3) : 1.02 (3H, t), 1.94 (2H, m), 3.97 (2H, t), 4.37 (2H, s), 8.55 (1H, s), 8.65 (1H, s), 9.20 (1H, s). 

LRMS: m/z 229 (M+1)+ 

► 

Preparation 16 

40 5-Amino-1-ethvl-3-phenvl-1H-pyrazole-4-carbonitrile 

[0118] Obtained (23%) from benzoyl chloride, malononitrile and ethyl hydrazine oxalate using a similar procedure 
to that described in preparation 14. 

8 (CDCI3) : 1.42 (3H, t), 3.98 (2H, q), 4.22 (2H, s), 7.37 (3H, m), 7.87 (2H, d). 
45 • LRMS: m/z 213 (M+1) + 

Preparation 17 

5-Amino-3-benzyl-1 -n-propyl-1 H-pyraz6le-4-carbonitrile 
so ~" ~" 

[0119] A mixture of the title compound of preparation 9 (1 .80g, 7.50mmol) and sodium hydroxide (900mg, 22.5mmol) 
in ethanol (15ml) and water (1 5ml), was heated under reflux for 24 hours. The cooled reaction mixture was filtered and 
the solid dried under suction to afford the title compound as a white solid, (1 .18g). 

8 (DMSOdg) : 0.86 (3H, t), 1 .68 (2H, m), 3.80 (2H, t), 4.02 (2H, s), 6.18 (2H, s), 6.33 (2H, s), 7. 18 (3H, m), 7.26 (2H, m). 
55 LRMS: m/z 259 (M+1)+ 
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Preparation 1R •■ ' 

5.Amino-3-(ben 7 vloxv)melhvl-i-Pih v MH -Dvr a 7nlP.a-r a rh^^^. 

LRMsCr^z 275X+ S 1) +SO, ' d (7?%) ff ° m ^ title COmpOUnd of P re P a ra<'on* >i, using the procedure of preparation 17. 

i 

Preparation 19 

5-Amino-3.(ben 7V lo| f v)methvl.i.n. p rn rYl . 1 H,ov ra7olfl .4:. ar ^v^ i ^ 1 ' ' 

t0121^O b ,a,ne d as white crystais (90%), from ,he'',,e compound of preparation 1Q, us.ng the procedure of prep, 
8 (ODC* : 0.84 (3H, t), 1.75 (2H, m), 3.80 (2H, t), 4.58.(2H, s), 4.63 (2H, s), 4.85 (2H, s), 7.34 (5H, m). 
Preparation 20 

5-Amino-3-isopropyl-l -n-propyl-i q.p Vra20 | e . 4 . narhnvamir)o 

[0122] A mixture of the title compound of preparation ip^^ m « „ o 

1N, .13mmol) in e.hanol (15ml) was heated inde TZl ilf Vj?' T ] SOdium hydroxide < >13ml - 

between ethyl acetate (20ml) and wate l5mX and 1 nl ' ^ C °°' ed reaC,bn mix1ure was P artitio "^ 

with 2N hydrochloric acid and exUatfed ^C^ST^ IT ?T* **" " * 6 

with brine, dried (MgS0 4 ) and evaporated unlfrpZS ° I. Comb ' ned or 9 a ™ e *'™ts were washed 

chromatography on silic^ geU^ ^ feSidUa ' ye " 0W oil was ^ * column 

as a pale yellow solid, (260mg) e,ner:nexane (35:65 to 100:0) to afford the title compound 

(6H ' * 1 * ^ •* 2 99 OH, «. 3 SO «„, ,, 5 , 2S , 2 „. s) , S 37 m s) 
Preparation 21 ^ "' 

^Amino-3.cvcloh ll t V lmethvl. 1 .n. prn ry |. 1 H. P vra7oie.^ a ^v^^ . 

S iS^SfS^ — a ** Procure to that de- 

8 (CDCIol • 0 21 r?H ^ n J , u TJ rL Sraa' 6 "' of dichloromethane:isopropanol (100:0 to 9010) 
5% (2H,i (2H ' ^ (2 m) ' 092 (3H - t} ' 104 ™ "* 1 78 PH. "* 2.70 (2H,d), 3.77 (2H, ^ 5.23 (2H, s>, 
LRMS :m/z 223 (M+1) + 

Preparation 2? 

5-Amino-l -ethyl-3-(2-pvrazinvn-i H-pv ra zole-4^rhny a miH a 

under reduced pressure The residue was nnrifioH h„ ™ , u °' ed reac,lon mixture evaporated 

o, ethyl ace te teLane:e^ 

8 (CDCI,) • 1 49 oh n 4 no <ou n \ c ^ '» ^ compound as a white solid, (695mq) 

Preparation 23 

5-Amino-l -n-propvl-3-(2.pvra7inyi ) .i H-pyrazole^-carhnv^iH* 

10.44 (1H, s). ( - 96 (2H> °' 5 42 ° H ' S) ' 5 70 < 2H ' s >- 8 42 dH. s), 8.55 (1H, s), 9.48 (1H, s), 

LRMS : m/z 247 (M+1 )+ 
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. Preparation 24 , 

5-Amino-1 -ethyl-3-phenyl-1 H-pyrazole-4-carboxamide 

i , 

5 [0126] A mixture ot the title compound of preparation 16 (1.75g, 8.3mmol) and solium hydroxide (990mg, 24.8mmol) 
in water (25ml) and ethanol (25ml) was heated under reflux for 24 hours. The cooled reaction mixture was concentrated 
under reduced pressure to remove the ethanol, and the residual aqueous solution extracted with dichloromethane 
(3x25ml). The combined organic extracts were dried (Na 2 S04) and evaporated under reduced pressure. The residue 
was purified by column chromatography on silica gel, using an elution gradient' of ethyl acetate:hexane (50:50 to 100: 

i'o 0) to afford the title cjbmpound, (460mg). 1 

5 (CDCI 3 ) : 1.40 (3H; t), 3.96 (2H, q), 5.15 (2H, s), 5.^7 (2H, s), 7.41 (3H, rrV), 7.52 (2H, d). 

LRMS : m/z 231 (M41) + f ' 

1 

Preparation 25 

.15 ' 

3-[(Benzvloxv)methvll-5-(2-n-propoxvbenzamido)-1-n-propyl-1 H-pyrazole-4-carboxamide 

[0127] A solution of 2-n-propoxybenzoyl chloride (1 .98g, 10mmol) in dichloromethane (30ml) was added to a cooled 
solution of the title compound of preparation 1 9 (Z88g, 1 0mmol) and triethylamine (2.02g, 20mmol) in dichloromethane 

20 (30ml) and the reaction stirred for 90 minutes. The reaction mixture was concentrated under reduced pressure, the 
residue suspended in ethyl acetate (200ml), washed consecutively with water (50ml), 2N sodium hydroxide solution 
(50ml); 2N hydrochloric acid (50ml) and brine (50ml), dried (MgS0 4 ) and evaporated under reduced pressure. The 
residue was purified by column chromatography on silica gel, using an elution, gradient of hexane:ethyl acetate (100: 
0 to 0:1 00) to afford the title compound as a white solid, (3. 1 7g). 

25 5 (CDCI3) : 0.84 (3H S t), 1.00 (3H, t), 1.80 (2H, m), 1.94 (2H, m), 4.00 (2H, t), 4.19 (2H, t), 4.58 (2H, s), 4.75 (2H, s), 
6.98 (1H, d), 7.02 (1H, m), 7.32 (5H, m), 7.41 (1H, m), 8.21 (1H, d) : 10.87 (1H, s). ( 

• c • Preparation 26 a . 

30 3-[(Benzyloxy)methyl1-6-(2-n-propoxyphenyl)-1 -n-propyl-1 ,5<jihydro-4H-pyrazolo[3,4-d1pyrimidin-4-one 

[0128] A mixture of the title compound of preparation 25 (2.93g, 6.5rfimol) and potassium t-bu^toxide (900mg, 
8.0mmol) in isopropanol (50ml) was heated under reflux for 5 hours, then cooled. The reaction mixture was diluted 
with ethyl acetate (100ml), washed with ammonium chloride solution (50ml) and brine (50ml), dried (MgS0 4 ) and . 
35 evaporated under reduced pressure. The residue was recrystallised from ether, to afford the title compound, (2.90g). 
8 (CDCIg) : 0.92 (3H, t), 1.16 (3H, t), 1.98 (4H, m), 4.17 (2H, t), 4.22 (2H, t), 4.58 (2H, s), 5.01 (2H, s), 7.00 (1H, d), 
7.10 (1H, m), 7.29 (5H, m), 7.44 (1H, m), 8.60 (1H, d), 10.96 (1H, s). 

Preparation 27 

40 

3-Methyl-6-(2-n-propoxyphenyl)-1H-1,5-dihydro-4H-pyrazolo[3,4-dlpyrimidin'4>one 

[0129] 2-n-Propoxybenzoyl chloride (12. 2g, 61mmol) was added slowly to an ice cold suspension of 5-amino-4-cy- 
ano-3-methyl-1H-pyrazole (J. Med. Chem. 1996, 39, 1639) (5.0g, 41mmol) in pyridine (20ml) and the reaction stirred 

45 at room temperature for an hour. Water (3ml) was added, the mixture concentrated under reduced pressure and the 
residue partitioned between water (20ml) and ethyl acetate (50ml). The phases were separated, the organic layer dried 
(Na 2 S0 4 ) and evaporated under reduced pressure and azeotroped with toluene to give a yellow solid. 
30% Sodium peroxide solution (32ml) was added slowly to a mixture of the intermediate amide, and sodium hydroxide 
solution (400ml, IN, 400mmol) in ethanol (300ml) and the reaction heated under reflux for 18 hours. The cooled reaction 

50 mixture was concentrated under reduced pressure, the residual aqueous solution acidified to pH 6 using hydrochloric 
acid, and the resulting precipitate filtered, washed with water and ether and dried under suction. This beige solid was 
purified by column chromatography on silica gel, using an elution gradient of ethyl acetate.hexane (20:80 to 50:50) 
and recrystallised from methanol to afford the title compound, (2.0g). 

8 (CDCI 3 )-: 1.18 (3H, t), 2.02 (2H, m), 2.64 (3H, s), 4.20 (2H, t), 7.06 (1H, d), 7.26 (1H, m), 7.52 (1H, m), 8.43 (1H, d), 
55 10.06 (1H.S), 11.08 (1H,s). 
LRMS : m/z 285 (M+1) + 
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Preparation 28 
5 Preparation 29 , . ' 

%&JS5£%?g;$%t * 4 20 ,2H 570(2H ' * 6 "' 720,4H * *• * — • 

LRMS : m/z 376(M+1)+ 

followed by the title compound of preparation 29, (21 Omg) 

" si o^zr 4 16 ,2h - °' 5 50 <2h ' * ■ * «■ ok ... ,«, 

LRMS: m/z 376(M+1)+ ' • 

Preparation 30 

25 

S-Memyl^-n-propoxypheny^ 

LRMS: m/z 363 (M+1) + ' ( ' 

i 

35 Preparation 31 

, 3-Hydroxymethy|.6.fP.n.propovvphenvn-1.n- P r 0 nvl.i ^ ihvdro-4H-nvr a7 nln p 4 -d)pvrimidin^-nn 0 

- J^^&'MS <4a * * ,,HH m,: 4 94 «* * 5 62(,H ' ■» '-"ok * 7, 2 ok »x 

Preparation 32 

„ 4 - a '°- 6 -|g-"WYPte"V')-'-n-propH-l.s< l >,v tl ro.4H ^.. .^rtm^..,.,,^,^- 

8 (C0C« : 0.98 ,3H. ,), ,.20 (3H. ,), 2.00 <4H, m), 4.22 (2H. „, 4.70 (2H, „, 7.06 „H. d), 7,8 ,.H. m >, 7.5, „H. m), 
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8.62 (1H,d), 10.48 (1H,s), 11.30 (1H,s). 

Preparation 33 * ■ , 

5 3'fHvdroxv-(pvridin-2-vl)methyl1 -6-(2-n-propoxvphenyl)-1-n-propvl-1,5-dihvdro-4H-pyra^^ 

[01 34] n-Butyl lithium (2.5ml, 1 .6M in hexane, 4mmol) was added dropwise to a cooled (-78°C) solution of 2-bromopy- 
ridine (632mg, 4mmol) in tetrahydrofuran (1 0ml) and the mixture stirred for 1 0 minutes. A solution of the title compound 
of preparation 32 (340mg, irrimol) in tetrahydrofuran (5ml) was-added and the reaction stirred for 30 minutes. 2N 

io hydrochloric acid (4mi) was added, the mixture allowed to warm to room temperature, basified with 2N sodium hydroxide 
solution, and extracted with ethyl acetate (3x20ml). The combined organic extracts were washed with brine (20ml), 
dried (MgS0 4 ) and evaporated under reduced pressure. The residue was purified by column chromatography on silica 
gel, using an elution gradient of hexane:ethyl acetate (100:0 to 0:100) tb afford the title compound as an oil, (246mg). 
8 (CDCI 3 ) : 0.93 (3H, t), 1.14 (3H, t), 1.21 (1H, d), 1.98 (4H, m), 4.13 (2H, m), 4.34 (1H, m), 4.49 (1H, m), 6.18 (1H, d), 

15 6.97-7.24 (3H, m), 7.41 (1H, m), 7.64 (2H, m), 8.41 (1H, s), 8.59 (1H, m), 11.15 (1H, s). LRMS : m/z 420 (M+1) + 

Preparation 34 

3-[Hvdroxv-(pyrimidin-2-yl)methvll-6-(2-n-propoxypr^^^ 

20 . ' ~ ■ ' ^ ' 

[0135] n-Butyl lithium (6.6ml, 2.5M in hexane, 16.5mmol) was added dropwise to a cooled (-78° C) solution of tri-n- 
butyl-stannyl-2-pyrimidine (Tetrahedron, 1994, 50, 275) (6.06g„ 16.4mm'ol) in tetrahydrofuran (50ml), so as to maintain 
the internal temperature below -68°C, and the mixture stirred for 15 minutes. A solution of the title compound of prep- 
aration 32 (1 .86g, 5.47mmol) in tetrahydrofuran (50ml) was added dropwise over 20 minutes, and the reaction stirred 

25 for a further 30 minutes. Saturated ammonium chloride solution (50ml) was added, the mixture allowed to warm to 
room temperature, and diluted with ethyl acetate (100ml). The layers were separated, the organic layer washed with 
brine (50ml), dried (MgS0 4 ), and evaporated under reduced pressure. The residue was purified by column chroma- 
tography on silica gel, using an elution gradient of dtchloromethane:methanol (-100:0'to 95:5) and triturated withiether,- 
to afford the title compound as a crystalline solid, (450mg). 

30 8 (CDCI3) : 0.92 (3H, t), 1.14 (3H, t)' 1.98 (4H, m), 4.16 (2H, t), 4.28 (1H, mj, 4.45 (1H, m), 6.21 (1H, d), 7.00 (1H, d), 
7.08 (1H, m), 7.18 (1H, m), 7.32 (1H, d), 7.43 (1H, m), 8.60 (1H;d), 8.70 (1H, s), 11.14 (1H, s). 
LRMS : m/z 421 (M+1) + 1 1 , 

Preparation 35 

35 , 

0-f[4-oxo-6-(2-n-propoxvphenyl)-1 rn-propyl-1 ! 5-dihydro-4H-pvrazolo[3,4-d1pvrimidin-3-vn(2-pvridinvl)methvl1 1 H- 
imidazole-1 -carbothioate 

[0136] A mixture of the title compound of preparation 33 (210mg, 0.5mmol), and thiocarbonyldiimidazole (534mg, 
40 3mmol) in dichloromethane (1 0ml) was stirred at room temperature for 5 days. The reaction mixture was purified directly 
by column chromatography on silica gel, using an elution gradient of hexane:ethyl acetate (100:0 to 0:100) to afford 
the title compound, (180mg). 

8 (CDCI3) :.1.00 (3H, t), 1.16 (3H, t), 1.95-2.16 (4H, m), 4.18 (2H, t), 4.60 (2H, m), 7.07 (4H, m), 7.46 (1H, m), 7.77 
(1H, m), 7.93 (1H, s), 7.99 (1H, d), 8.10 (1H, s), 8.52-8.68 (3H, m), 10.98 (1H, s). 

Preparation 36 

Q-[f4-oxo-6-(2-n-propoxyphenyl)-1 -n-propyl-1 ,5-dihvdro-4H-pyrazolof3,4-d1pvrimidin-3-vl1(2-pyrimidinvl)methyl] 1 H- 
imidazole-1 -carbothioate 

so 

[0137] A mixture of the title compound of preparation 34 (420mg, LOmmol) and thiocarbonyldiimidazole (890mg, 
5.0mmol) in dichloromethane (10ml) was stirred at room temperature for 24 hours. The reaction mixture was poured 
into water (20ml), the layers separated, and the aqueous phase extracted with dichloromethane (3x40ml). The com- 
bined organic extracts were dried (MgS0 4 ) and evaporated under reduced pressure. The residue was purified by 
55 column chromatography on silica gel, using an elution gradient of hexane:ethyl acetate (100:0 to 0:100) to afford the 
title compound as a yellow oil, (469mg). 

8 (CDCI3) : 0.84 (3H, t), 1.12 (3H, t), 1.97 (4H, m), 4.11 (2H, t), 4.38 (2H, t), 6.99-7.10 (4H, m), 7.25 (1H, m), 7.42 (1H, 
m), 7.78 (1H, s), 8.37 (1H, s), 8.60 (1H t d), 8.72 (2H, m), 10.99 (1H, s). 



23 



EP 0 995 751 A2 

LRMS:m/z53l (M+1) + 

' Preparation 37 

i • . , i 

6-(2-n-PropoxyphenylH-n-propyl-3-(pvri^ 

to 1 a 3 s 8 l,bno, U rn tlV*t hT^T °' PrePafati0n 35 (18 ° m9 ' a34mrf,0l) in ,0luene < 10ml > « as ^ded dropwise 
to a solution of tr,-n-butylt,n hydr.de (291 mg, immol) in toluene (10ml) under reflux, over 30 minutes and the reaction 

heated for a further 3 hours under reflux. The cooled reaction mixture was purified directly by cdumn chr^rapS 
gum^ 

8 (CDCI 3 ) : 0.84 (3H, t), 1.14 (3H, 1), 1.84 (2H, m), 1.98 (2H, m), 4.15 (2H, fl 4 25 (2H t) 463(2H si 700 HH m 
7A0 (2H m), 7.40 (2H. m), 7.57 (1H, m), 8.45 (1H, d), 8.60 (1H d). 10 98 (?H s) ^ ' ' ' ^ 

LRMS ; m/z 404 (M+1) + v 

Preparation 38 

6-(2-n-Propoxy P henyl)-1-n-propvl-3-(pvrimidin-2-vnme l hv|.l,5-dihvdro.4H.pvra Z olol3.4-dlo y rimid 

Sin? "t ° b ?i ned (32% u ,r ° m the tftle com P° und of Preparation 36, using a similar procedure to that described in 
grap'h^' ^ " ***** °' dichl — ^hane.methano, (100:0 to 96:4) was JZ^SSS^ 

8 (CDCI 3 ): 0.81 (3H,t), 1.12 (3H,t), 1.84 (2H,'m), 1.94 (2H,m), 4.12 (4H,m) 4 83 (2H s) 6 99MH dl 7 0KMH mi 
7.13(1H,m),7.40(1H,m),8.59(1H,d),8.62(2H,m),1085(1H s) • 
LRMS: m/z 405 (M+1)+ ( ' 

Preparation 39 

2-Etti6xy:5-r4-(2-hvd l 'oxvmeth yltoi Pe razin-1-ylAulphonvllben7oic acirt » ' • • ,,. 

for 72 hou s tI IrS, ■ * ( vf 9 ' > ' n e,han °' (25m ° and the reafc,ion mix,ure sti " ed a < ™m temperature 

™ r - Th t e reac J'on m,xture was concentrated under reduced pressure the residuesuspended in water acidified 

tFJ'ZZ 7 « dlchloromethan * <3*OmO. The combined organic extracts were dried (NaS) and eS 
orated under reduced pressure. The residual brown oil was purified by column chromatography on reverse phase 

d/^H, s!: 37 <3H ' 2 0 " 2 m m) ' 2 84 (4H ' m) ' 3 42 (2K * 4 20 < 2H ' * 7 35 < 1H ' d ). 7-80 (1H, 

LRMS : m/z 359 (M+1) + 

Preparation 40 . 

2-Ethoxy-5-(4-methvlpiperazin-1-vlsulDhonvhh e nzoic acid chloride hydrochloride 

[0141] Oxalyl chloride (11.7ml, 134mmol) was added dropwise to an ice cold suspension of 2-ethoxy-5-(4-methvl 

lThT n ; ;S p n onyl)b fr zoic acid (EP 812845 A1) < 20 o * 6o - 9m ™') and <toJw omm J£2£ I d S. 

ramethane (200ml) over 15 m.nutes. and the reaction mixture stirred at room temperature for 18 hours ThTrKw 
was concentrated under reduced pressure, the residue treated with ether then ethyl acetate and dried at WcZ 
16 hours, to afford the title compound, (1 9 6g) 

S°S : sl^ SliSw (5H ' m)i 312 (2H ' m)i 341 (2H> m) - 375 (2H - m) - 421 (2K q) - 738 < 1H - d >- 783 < 1H - 

Preparation 41 

2-EthoxY-5-f4-(2-hvdroxvethvl)piperazin-1-vl Sl jl ph onvllbenzoic acid chloride hvrirorhlnriHo 

[0142] Oxafyl chloride (340ml, 2.79mmol) was added dropwise to an ice cold suspension of the title compound of 
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. preparation 39 (500mg, 1 .40mmol) and dimethylformamide (2 drops) in dichloromethane (5ml), and the reaction stirred 
at room temperature for 3 hours. The reaction mixture was concentrated under reduced pressure and azeotroped with 
toluene to afford the title compound as a white foam, (500mg). , 
ll'RMS : m/z 373 (M-CI+OMe) + s >■ 

5 , 
Preparation 42 - , 

3-Benzvl-5-|5-(4-methvlpiperazin-1vlsulphonvl)-2-n-propoxvphenvl1-1-n-propvl-1H-pvra'zolp-4-carbonitrile 

i 

i'o [0143] The title compound of preparation 40 (1 .14g, 3.32mmol) was added to a suspension of the title compound of 
preparation 9' (360m'g, 1 .50mmol) in pyridine (5ml) and the reaction stirred kt 70°C for 20 hours. The cooled reaction 
mixture was concentrated under reduced pressure, azeotroped with toluene, and the residual oil was partitioned be- 
tween difchloromethane (10ml) and sodium bicarbonate solution (20ml). The phases were separated, the aqueous 
layer extracted with dichloromethane (2x1 5ml), and the combined organic solutions, dried (Na 2 S0 4 ) and evaporated 

is under reduced pressure. The crude product was purified by column chromatography on silica gel, using an'elution 
gradient of ethyl acetate:methanol (100:0 to 90:10) to afford the title compound as an off-white solid, (460mg). 
5 (CDCI 3 ) : 0.94 (3H, t), 1.62 (3H, t), 1 .90 (2H, m), 2.25 (3H, s), 2.46 (4H, m), 3.05 (4H, m), 3.98 (2H, t), 4.04 (2H, s), 
4,40 (2H. q), 7.17 (1H, d), 7.20-7.38 (5H, m), 7.92 (1H, d), 8.59 (1H, s), 9.59 (1H, s). ' 

LRMS : m/z 551 (M+1) + ♦ 

20 

Preparation 43 

i 

3- Benzvl^-{5-f'4-(2-hvdrbxvethvl)piperazin-1vlsulphonvl1-(2-n-propoxv)phenvlVl-n-propvl-1H-pyrazole- 

4- carboxamide 

25 

[0144] A mixture of the title compounds ol preparations 17 (361 mg, 1 .40mmol) and 41 (527rng, 1 .40mmol) in pyridine 
(5ml) was heated at 70°C for 20 hours. The cooled reaction mixture was concentrated under reduced pressure, aze- 
otroped with toluene and the residual oil partitioned between dichloromethane (10ml) and sodium bicarbonate solution 
• (20ml). The phases were separated, the aqueous layer extracted with cjichlqromethane (2x20ml), the combined organic 
30 solutions dried (Na 2 S0 4 ) and evaporated under reduced pressure. The crude product was triturated with ether to afford 
• : the title compound as a light brown solid, (477mg).' '•• 
LRMS : m/z 5^9 (M+1 ) + ... ^ 

Preparation 44 

35 

5- [2-Ethoxv-5-(4-methvlpiperazin-1ylsulphonvl)phenvll-1-ethyl-3-phenvl-1H'Pvrazole-4-carboxamide 

[0145] The title compound of preparation 24 (230m g, 1 .Ommol) was added to the title compound of preparation 40 
(383mg, 1. Ommol) in pyridine (6ml), and the reaction stirred at 60°C for 18 hours. The cooled reaction mixture was 
40 concentrated under reduced pressure and azeotroped with toluene. The residual yellow foam was purified by column 
chromatography on silica gel, using an elution gradient of dichloromethane:methanol (95:5 to 92:8) to afford the title 
compound, (180mg). 

5 (CDCI3) : 1.52 (3H, t), 1.64 (3H, t), 2.22 (3H, s), 2.43 (4H, m), 3.02 (4H, m), 4.18 (2H, q), 4.42 (2H, q), 5.17 (1H, s), 
5.43 (1H, s), 7.15 (1H, d), 7.42 (3H, m), 7.60 (2H, m), 7.87 (1H, d), 8.61 (1H, s), 10.72 (1H, s). 

45 

Preparation 45 

3- [(Benzvloxv)methvl1-5-f2-ethoxv^ 

4- carboxamide 

50 

[0146] Obtained as a crystalline solid (47%) from the title compounds of preparations 1 9 and 40, using the procedure 
of preparation 43. 

5 (CDCI 3 ) : 0.86 (3H, t), 1.57 (3H, t), 1.81 (2H, m), 2.24 (3H, s), 2.44 (4H, m), 3.05 (4H, m), 4.01 (2H, t), 4.44 (2H, q), 
4.59 (2H, s), 4.70 (2H, s), 7.08 (1H, d), 7.36 (5H, m), 7.82 (1H, d), 8.63 (1H, s), 11.32 (1H, s). 
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Preparation 46 

5-f2-Ethox V -5-(4. m eth V lpiperazinOy^ 

to . i 

[0147] Obtained as a brown foam, from the title compound of preparation 40 and 5-amino-3-methyl-l -n-oroovl- 
3-pyrazoe carboxamide (WO 9307)49 A1),using the procedure described in preparation 44 " P ^ 

™ *>< 2 45 «H ™> - m, 4.00 (2 H, t), 4.41 (2H, a, 

LRMS : m/z 493 (M+1 ) + 

Preparation 47 • • ' 

Pyridine-2-amino-5-sulDhonic acid 

[0148] 2-Aminopyridine (80g, O.SSmol) was added portionwise over 30 minutes to oleum (320g) and the resultina 

ss^S^j: coo,i ; 9 ' ,he reaction was poured ° n, ° ice (2o ° 9) - d «2 sss 

lldZ^MS^^H h reSUlt,n9 sus ? ension was fil,ered the solid washed with ice water (200ml) 
LRMS m/fl 75 ( J ! )+ dnedunder suc,,on ,0 afford lhe title compound as a solid, (1 1 1 .3g). 

Preparation 48 

Pyridine-2>amino-3-bromo-5-sulphonic acid 

w J!!! 9 ' ?? 1 (6 °° ml) S ° 35 t0 maint8in 8 S,eac, y ref,ux ' ° nce the add «i°n was complete the reaction 

miX,Ure fNtered S0Nd W3S WaSh6d With — and d " ed »*' -Cion to Xd the 
5 (DMSOd 6 ): 8:08 (1H, s>, 8.14 (1H,s). LRMS: m/z 253 (M)+ , ■ ,• 

Preparation 49 1 • 

Pvridine-3-b romo-2-chloro-5-sulphony l chloriffe 

i 

thl rn™ 1 * 0 ,? 1 SOdiUm nitri,G (7 69 ' 11 ° mm0l) W3,er (30ml) was added dr °P wise to an ice-coo.ed solution of 
ne H. T k ° Pr TT 48 (25 39 ' 1 °° mm0l) i0 aqU60US hydroch.oric acid (115ml, 20%), so as to maimain 
The rZl v , 6 ^ reaCli ° n WaS Stirred f ° r 30 minu,es al °° C and a ,u *er hour at room temped 
S,!r a w Z WaS ,. eva P° ra,ed under reduced P^sure and the residue dried under vacuum at for 72 

at 125 C for 3 hours, and then cooled. The reactton mixture was poured onto ice (100g) and the resulting solid filtered 
and washed w..h water. The product was dissofved in dichioromethane, dried (MgS0 4 ) fjlterec i ZTa^ Zt 
reduced pressure to afford the title compound as a yellow solid (26 6a) evaporated under 

5(CDCI 3 ):8.46(1H,s),8.92(1H,s). 

Preparation 50 

Pyridine-3-bromo-5-(4-eth vlpiperazin-1-vlsulphonvl)-2-chloride 

El) wltdl 0 d^lnwt h l PiPera2ine PI"** 89mm0,) aPd trie,h y |amine B9mmo.) in dichloromethane 

(150ml) was added drop Wl se to an ice^ooled solut.on of the title compound of preparation 49 (23q 79mmol) in dichlo 

P rssur a e n a e n ( d £12 T °° C ** 30 h ° Ur ' The m, ^' e was cc^SiSSr'SS 

pressure and the res.dual brown o.l was punfied by column chromatography on silica gel, using an elation gradient of 

sTcS^Tn?;^!^ ,0 97:3) 10 aff ° rd ,he ,i,,e COmpOUnd as an ora "9e solid (1 4. 5 9 g) ' ° f 

5 (CDCI 3 ) . 1.05 (3H, t), 2.42 (2H, q), 2.55 (4H, m), 3.12 (4H, m), 8.24 (1H, s), 8 67 (1H s 
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. Preparation 51 . 

3-Bromo-2-ethoxv-5-(4-ethylpiperazin-1 -ylsulphonyOpyridine 

. . V 

s [01 52] A mixture of the title compound of preparation 50 (6.60g, 1 7.9mmol) and spdium ethoxide (6.09g, 89.55mmol) 
in ethanol (100ml) was heated under reflux for 18 hours.Jhen cooled. Th0 reaction mixture was concentrated under 
reduced pressure, the residue partitioned between water (100ml) and ethyl acetate (100ml), and the layers separated. 
The aqueous phase was extracted with ethyl acetate (2x 100ml), the combined organic solutions dried (MgS0 4 ) and 
evaporated under reduced pressure to afford the title compound as a brown solid, (6.41 g). 

io Found: C, 41.27; -H./5.33; N, 11.11. C 1 3H 2 oBrN 3 03S. requires C, 41.35; H, 5.28; Kl, 10.99%. 

5 (CDCI 3 ) : 1 .06 (3H; t), 1 .48 (2H, m), 2.42 (2H, q), 2.^6 (4H, m), 3.09 (4H, rVi), 4.54 (2H, q), 8.10 (1 H, s), 8.46 (1 H, s). 
LRMS : m/z 380 (M4-2) + ' ' 

1 

Preparation 52 

.75 ■ 

Pvridine-2-ethoxy-5-(4-ethvlpiperazin-1-vlsulphonvl)-3-carboxvlic acid ethyl ester 

[01 53] A mixture of the title compound of preparation 51 (6.40g ; 1 6.92mmol), triethylamine (1 2ml),and palladium (0) 
tris(triphenylphosphine) in ethanol (60ml) was heated at 100°C and 200psi, under a carbon monoxide atmosphere, for 
20 1 8 hours, then cooled. The reaction mixture was evaporated under reduced pressure and the residue purified by column 
chromatography on silica gel, using an elution gradient of dichloromethane:methanol (100:0 to 97:3) to afford the title 
compound as an orange oil, (6.2g). 1 

5 (CDCI3): 1.02 (3H, t), 1.39 (3H, t), 1.45 (3H, t), 2.40 (2H; q), 2.54 (4H, m), 3 08 (4H, m), 4.38 (2H, q), 4.55 (2H, q), 
8.37 (1 H, s), 8.62 (1 H, s). LRMS : m/z 372 (M+1 ) + 

25 

Preparation 53 ( 

■ ■ Pyridine^2-ethoxv-5'-(4-ethylpiperazin-1 -ylsulphonyl) -3"carboxylic acid a . . » 

' . i • 

30 [0154] A mixture of the title compound of preparation 52 (4.96g, 1 3.35mmol) and aqueous sodium hydroxide solution 
• : (25ml, 2N) in ethanol (25ml) was stirred at room temperature for 2 hours. The reaction mixture was concentrated under 
reduced pressure to half it's volume, washed with ether and acidified to pH 5 using 4N hydrochloric ac^id. The aqueous 
. solution was extracted with dichloromethane (3x30ml), the combined organic extracts dried (MgS0 4 ) and evaporated 
under reduced pressure to afford the title compound as a tan coloured solid, (4.02g). 
35 5 (DMSOd 6 ) : 1.18 (3H, t), 1.37 (3H, t), 3.08 (2H, q), 3.17-3.35 (8H, m), 4.52 (2H, q), 8.30 (1H, s), 8.70 (1H, s). 

Preparation 54 

Pvridine'2-ethoxv-5-(4-ethvlpiperazin-1-vlsulphonyl)-3-carboxvlic acid chloride hydrochloride 

40 

[0155] Oxalyl chloride (0.77ml, 8.85mmol) was added dropwise to an ice-cooled solution of the title compound of 
preparation 53 (1 .52g, 4.42mmol) and dimethylformamide (2 drops) in dichloromethane (30ml) and the reaction stirred 
for 18 hours at room temperature. The mixture was concentrated under reduced pressure and the residue triturated 
with ethyl acetate. The resulting solid was filtered, washed with ether and dried under suction to afford the title compound 
45 (1 68g). 

Found: C, 41.51; H, 5.27; N, 10.32. C 14 H 21 Cl2N 3 O4S;0.10CH 2 CI 2 requires C, 41.73; H, 5.02; N, 10.36%. 

8 (CDCI3) : 1.46 (6H, m), 2.95 (2H, q), 3.11 (2H, m), 3.48 (2H, m), 3.55 (2H, m), 3.92 (2H, m), 4.60 (2H, q), 8.58 (1H, 

s), 8.66 (1H,s), 13.16 (1H,s). 

50 Preparation 55 

5-|2-Ethoxy-5-(4-ethylpiperazin-1-vlsulph 
pyrimidin-4-one 

55 [0156] The title compound of preparation 22 (174mg, 0.75mmol) was added to a suspension of the title compound 
of preparation 54 (300mg, 0.75mmol) in pyridine (6ml), and the reaction stirred at 60°C for 1 8 hours. The cooled reaction 
mixture was concentrated under reduced pressure and azeotroped with toluene. The residue was purified by column 
chromatography on silica gel, using an elution gradient of methanol:ethyl acetate:dichloromethane (5:95:0 to 10:90:0 
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to 10:0:90) to afford the title.compound, (170mg). 

8 (CDCI3) : 1.04 (3H, t), 1.60 (6H, m) 2.41. (2H, q), 2.57 (4H, m), 3.14 (4H. m), 4.24 (2H, q), 4 80 (2H q) 5 60 (1H s) 
8 45 ; (1H, s), 8.60 (1H, s). 8.72 (1H, s), 8:82 (1H, s), 9.57 (1H, s), 10.57 (1H, s), 11.48 (1H s) " * 

LRMS : m/z 558 (M+1) + »• . 1 ' '* 

i • 

Preparation 56 

S 55 ° btained (34% > f r ° m ,he ,i,le com P°^ds of preparations 23 and 54, using the procedure described in prep- 

5 S^SVS 1 ' f f (2H ' m) '- 2 41 (2K q) ' 2 55 (4H: m) ' 310 < 4H - m >< 418 <2H. t), 4.80 (2H, q). 
LRMS mS 572.(^1)?' ^ ° K ^ 8 ^ S) ' 8 ™ S) ' 9 55 ( ' 1H ' S >' 10 56 ™ «>■ OH. s). 

Preparation 57 ' 

D^ta mSSTS ? 0< P ,? Para, S n ^ (2 °° m9, ° 9mm0l) 8dded ,0 3 SUSPenSi ° n ° f the title COm P° U " d 0f 
preparation 54 (346mg, 0.9mmol) ,n pyr.dine (6ml) and the reaction stirred at 60°C for 72 hours The cooled reaction 

act!! ™ 7 Ce H ntra,ed , Uflde ' reduced P^ssure, azeotroped wrth toluene, and the residue partMonedSSTSS 
acetate (30ml) and water (1 5ml). The phases were separated, the organic layer dried (N^SO,) and evaporated unde 
reduced pressure. The residue was purified by column chromatography on silica gel, using an elution gradientof ethv 
acetate:methanol (98:2 to 90:10) to afford the title compound (70mg) 9 V 

5 i C ?S J-°V! H ' l) ' 156 (6H ' m) ' 2 40 (2H ' m) ' 2 55 < 4H ' m >- 313 < 4H . m ). 4.48 (2H, q), 4 75 (2H q) 7 38 (1H 
m), 7.43 (2H,m), 8.39 (2H, d), 8.66 (1H, s), 9.07 (1H,s), 10.78 .(1H s) ■ • ' ,■ • 7.38 (1H, 

LRMS m/z: 556 (M+1) + , , . , . .. 

Preparation 58 . , ' 

SonwLl^n 1 ? ° f ,i he i? C °T P ! Und ° f pre P aration 54 ( 414 9. lOmmol) in dichloromethane (50ml) was added 
POmln n C °' d SOlU, '° n ° f ,he ti1le C ° mpOUnd °' P re P ara,ion 18 ( 2 74 9. 10mmo.) and triethy.amine (2 02g 

20mmol) in dichloromethane (50ml), and the reaction stirred at room temperature for 16 hours The reaction mixture 

SXnTlhel"'" redUC f d P W r8SidUe Partiti ° ned b6,Ween ether < 50ml > -d .N 0^ soS 

20ml), and the phases separated. The organic layer was extracted with IN citric acid (2x20ml) and the aqueous so- 
lutes extracted with dichloromethane (3x60ml). The combined dichloromethane extracts we dried <EE£E 

orient T«T T ^ f6SidUe WaS PUfified b * C0,U ™ chromatography on silica ge., u n £ 

to aSd °' d ^ ,0r0me,han f :meth f no1 0«*0 to 95:5), then repeated using ethyl acetate:methanol (100:0 to 85 15) 
to afford the title compound as a clear gum, (944mg). ' 

' i!™ 3 ^- 00 ^' 0,1 ^ q) 453 (2H si 

(1H ' <5H - m ' ^ 8 " (1H ' * 8 ' 8 ° ™»™ (1H " 

Preparation 59 

[01 60] 10% Palladium on charcoal (1 .7g) was added portionwise to an ice cold suspension of the title compound of 

Z7^1ll L™ 7nmC ? me,han °' (5 ° m,) 3nd ,h6n ,0fmiC add (5m ') added dr °P- se - The ^ure wThea ed 
T n I ,11 ^ Und6r 3 n ' ,r09en atmos P here - ,he " cooled. Palladium acetate (200mg, 0.89mmol) triphenyl- 
phosphme (460mg, l.7mmol) and formic acid (5m.) were added and the mixture heated under reflux for a further 8 
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hours. The cooled reaction mixture was filtered, the filtrate concentrated under reduced pressure and the residue 
partitioned between dichloromethane (40ml) and saturated sodium bicarbonate solution (1 5ml). The phases were sep- 
arated, the organic layer dried fMa 2 S0 4 ), evaporated under reduced pressure and the residue triturated with ether to 
afford the title compound, (240mg). ' 
5 Found : C, 53.66; H, 6.16; N, 16.79. C 22 H 30 N 6 O 5 S requires C, 53.86; H, 6.17; N, 17.13%. 

5 (CDCI 3 ) : 1.00 (3H, t), 1.65 (3H, t), 2.00 ('2H, m), 2.25 (3H, s), 2.48 (4H, m), 3.10 (4H, m), 4.20 (2H, t), 4.40 (2H, q), 
5.00 (2H, s), 5.50 (1H, s), 7.18 (1H, d), 7.86 (1H, d), 8.99 (1H, s), 10.82 (1H, s). LRMS : m/z 491 (M+1) + 

Preparation 60 1 
10 , 
6-|2-Ethoxy-5-(4-methylpiperazin-1-ylsulphonyl)ph 
3-carbaldehyde 

[0161] Tetrapropylammonium perruthenate (5mg, 0.014mmol) was added to a suspension of the title compound of 
15 preparation 59 (130mg, 0.26mmol), 4A molecular sieves (150mg) and N-methylmorpholine N-oxide (50mg, 0.4mmol) 
in dichloromethane (5ml) and acetbnitrile (2ml), and the reaction was stirred at room temperature for 2 hours under a 
nitrogen atmosphere. The reaction mixture was purified directly by column chromatography on silica gel, using an 
elution gradient of dichloromethane:methanol (99:1 to 94:6), to afford the title compound, (70mg). 
5 (CDCI3) : 6.99 (3H, t), 1.66 (3H, t), 2.00 (2H, m), 2.25 (3H, s), 2.48 (4H, mj, 3.10 (4H, m), 4.40 (2H, q), 4.73 (2H, t), 
20 7.18 (1H, d), 7.88 (1H,d), 8.98(1 H, s), 10.46 (1H,s), 10.98 (1H,s). 

LRMS: m/z 489 (M+1) + ■ 

Preparation 61 

25 6-[2-Ethoxv-5-(4-methylpiperazinO-vlsulpho 
3-carbaldehyde 

[0162] N-Ethyldiisopropylamine (410mg ; 3.16mmol) was added to a suspension of the title compound of preparation 
53 (400mg, 1 .05mmol) and 5-amino-1 -qyclopentyl-3-ethyl-4-pyrazolecarboxamide (WO 9628448) (210mg : 0.95mmol) 

30 and 2-chloro-1 -methyl pyridinium chloride (403mg, 1 .58mmol) in*dichloromethane (5ml), and the reaction was stirred 
at room temperature for 72 hours. The reaction mixture was diluted with dichloromethane (30ml), washed consecutively 
with water (10ml), saturated sodium bicarbonate solution' (10ml); and brine (10ml), dried (MgS0 4 ) and evaporated 
under reduced pressure. The residual oil was purified by column chromatography on silica gel, using an elution gradient 
. of dichloromethane:methanol:0.88 ammonia (90:10:0 to 90:10:1) and repeated using dichloromethane:methanol:0.88 

35 ammonia (1 00:0: 1 to 94:4: 1 ) to afford the title compound, (263mg). 

8 (CDCI3) : 1.04 (3H, t), 1.33 (3H, t), 1.58 (3H, t), 1.65 (2H, m), 1.94 (2H, m), 2.10 (4H, m), 2.41 (2H, q), 2.54 (4H, m), 
2.81 (2H, q), 3.10 (4H, m), 4.52 (1H, m), 4.79 (2H, q), 5.58 (2H, s), 8.69 (1H, s), 8.82 (1H, s), 10.45 (1H, s). LRMS: 
m/z548(M+1) + 

40 Synthesis of the Compounds of Formulae I A and IB 

Example 1 

6-f5-(4-Ethylpiperazin-1 -vlsulphonvl)-2>n-propoxyphenvl1-1 -n-propvl-3-(pyridin-2-vl)methvl-1 ,5-dihvdro-4H-pyrazolo 
45 f3,4-d1pyrimidin-4-one 

[01 63] A mixture of the title compound of preparation 37 (32mg, 0.08mmol), chlorosulphonic acid (1 40mg, 1 .2mmol) 
and thionyl chloride (48mg, 0.40mmol) in dichloromethane (0.5ml) was stirred at room temperature for 18 hours. Ice 
(2g) was added, followed by a solution of N-ethylpiperazine (570mg, 5mmol) in dichloromethane (20ml) and the reaction 
so stirred for a further hour. The mixture was poured into water (20ml), the layers separated and the aqueous phase 
extracted with dichloromethane (3x20ml). The combined organic solutions were dried (MgS0 4 ) and evaporated under 
reduced pressure. The residue was purified by column chromatography on silica gel, using an elution gradient of 
dichloromethane:methanol (100:0 to 95:5) to afford the title compound, (42mg). 

5 (CDCI3) : 0.84 (3H, t), 0.98 (3H, t), 1.16 (3H, t), 1.83 (2H, m), 2.00 (2H, mj, 2.36 (2H, q), 2.48 (4H, m), 3.02 (4H, m), 
55 4.20 (2H, t), 4.26 (2H, t), 4.63 (2H, s), 7.12 (2H, m), 7.38 (1H, d), 7.57 (1H, m), 7.80 (1H, d), 8.45 (1H, d), 8.93 (1H, 
s), 10.60 (1H, s). 
LRMS: m/z 580 (M+1) + 
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Example 2 



. 1 1 tea I.. . 

[01 64] Obtained as a white solid (38%) from the title compound of preparation 38 and N-methylpiperazine usino a 
s.m.lar procedure to that described in example 1 , except purification was achieved by etheSSST 
iTnr, ?■ ?' 1 4i H ' 5 83 '' N ' 1 8 61 C " H 34N8O 4 S;0.5CH 2 C. 2 requires C, 54.22- H 5 79- N 8 39% 

Example 3 ' i 

i 

sr:^ '^- 1 ^*'^ i ■ m 

10165) Obtained as a pal, pink solid (45%) tan the till, compound a p.ppatafoH 38 and N-pthylpip e «uina psino 
Example 4 



S 42^™ J? I ^ (?8m9 ' 1 38mm0l) W8S add6d ,0 a sus P ension 01 lhe t*t.e compound of prep- 
aration 42 (254mg; 0.46mmol) in 3-methyl-3-pentanol (5ml), and the reaction heated at 110'C for 1 8 hours The coded 
react.cn mixture was partitioned between ethyl acetate (1 0ml) and waler (1 0ml) the chases senara «h i !«r hhL 
,ay,r extracte^with further ethy, acetate (2x10m,). The combined organic I^E^SJ^S^ 

rated under reduced pressure. The residual oil was purified by co.umn chromatography on silica gef usino an eZZ 
gradie^ 

iTnrZ 615: N ' 14 92 C 28 H 34N 6 0 4 S requires C, 61.05; H, 6.18; N, 15.26%. 



LRMS: m/z551 (M+1)+ 
Example 5 



2°79mm^ ?f * °' ^ S °' e re P aration 43 O.SOmmol) and potassium t-butoxide (313mq 

2.79mmol) n sopropanol (25ml), was heated under reflux for 18 hours, then cooled. Water (50ml) vTs added I The 
m,xture neutralised with 2N hydrochloric acid and concentrated under reduced pressure This soTuZ was panned 
between ethyl acetate (50ml) and sodium bicarbonate solution (25ml) the lavers seoarateri an^TZf T 
extracted with ethyl acetate (2x25ml). The combined organic sSsS KS^S 
reduced pressure. The residua, brown oil was purified by co.umn chromatography on silica gel using aTeE oradien 
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. Example 6 . 
6-f2-Ethoxv-5-(4 : methvlpiperazin-1-vlsulphonyl)ph 

4 -one • * „■ 

5 

» 

[0168] A mixture of the title compound of preparation ,44 (180mg, 0.34mmol) and potassium t-butoxide (116mg, 
LOmmol) in ethanol (10ml) was heated under reflux for 4 hours. The cooled reaction mixture was evaporated under 
reduced pressure and the residue purified by column chromatography on silica gel, usint} an elution gradient of dichlo- 
romethane:methanol (100:0 to 95:5) to afford the title compound, (110mg). ' 
10 Found : C, 58.74; H.,'5.88; N, 15.66. C 26 H 30 N 6 O 4 S requires C, 58.74; H, 5.88; N, 15.81%/ 

5 (CDCI 3 ) : 1.58 (3H, t), 1.69 (3H, t), 2.27 (3H; s), 2.5'2 (4H, m), 3.14 (4H : nrT), 4.40 (2H, q), 4.51 (4H, q), 7.19.(1H, d), 
7.39 (1H, m), 7.45 (1H, m), 7.90 (1H, d), 8.42 (1H, d), 8.90 (1H, s), 10.88 (1H, s). LRIvlS : m/z 523 (M+1) + 
i 

Example 7 • , 

15 , • • 

1-Ethyl-6-f5-(4-methvlpiperazin-1-ylsulphon^ 
pyrimidin-4-one 

[0169] A suspension of sodium (25mg, 1.1mmol) in n-propanol (1ml) was added to the title compound of example 6 
20 (80mg, 0.15mmol) in n-propanol (1ml), and the reaction mixture heated under reflux for 72 hours. Further sodium 
(100mg, 4:34mmol) and n-propanol (5ml) were added portionwise over a further 48 hours, then the mixture cooled and 
evaporated under reduced pressure. The resibue was purified by preparative thin layer chromatography on silica gel, 
using dichioromethane:methanol:0.88 ammonia (95:5:0.5) as eluant, to afford the title compound, (8mg). 
5 (CDCI3) : 1.19 (3H, t), 1.58 (3H, t), 2.02 (2H, m), 2.28 (3H, s), 2.52 (4H, m), 3.13 (4H, m), 4.24 (2H, t), 4.48 (2H, q), 
25 7.18 (1H, d), 7.37 (1H, m) 5 7.43 (2H, m), 7.86 (1H, d), 8.40 (2H, d), 8.86 (1H, s), 10.90 (1H, s). 
LRMS : m/z 536 (M+1) + ( 

■ / • • Example 1 8 ' •!•»., * ♦ « ■ 

' 30 3-(Benzyloxy)methvl-6-[2-isopropoxy-5-(4-methylpiperazin-1-ylsulphonyl)phenvl1-1-n-propyl-1 ,5-dihydro-4H- 

■ • ■ pyrazolo[3,4-dlpyrimidin-4-one and ■'• • ■ ■ 

Example 9 

35 3-(Benzvloxv)methvl-6-[2-ethoxv-5-(4-methvlpiperazin-1-vlsulphonvl)phenyl1-1-n-propvl-1,5-dihvdro-4H 
[S^-dlpyrimidin^one 

[0170] Amixtureof the title compound of preparation 45(1. 80g, 3. Immol) and potassium t-butoxide (1.4g, 12.4mmbl) 
in isopropanol (40ml) was heated under reflux for 10 hours and stirred for a further 16 hours at room temperature. 

40 Water (5ml) was added, the mixture acidified to pH 6 with 2N hydrochloric acid, and concentrated under reduced 
pressure to remove the isopropanol and the resulting precipitate filtered and dried. This solid was purified by column 
chromatography on silica gel, using an elution gradient of dichloromethane:methanol (99: 1 to 92:8) and repeated using 
an elution gradient of dichloromethane:isopropanol:0.88 ammonia (98:2:0. 1 to 90: 1 0:0.5) to afford, after trituration with 
ethyl acetate, the title compound of example 8, (15mg). 

45 5 (CDCI3) : 0.96 (3H, t), 1.59 (6H, d), 2.03 (2H, m), 2.48 (3H, s), 2.50 (4H. m), 3.10 (4H, m), 4.30 (2H, t), 4.62 (2H, s), 
4.92 (1H, m), 5.05 (2H, s), 7.17 (1H, d), 7.34 (5H, m), 7.84 (1H, d), 9.00 (1H, s), 10.76 (1H, s). 
LRMS: m/z 595 (M+1) + 
and the title compound of example 9, (320mg). 

Found : C, 59.78; H, 6.21; N, 14.37. C 29 H 36 N 6 0 5 S requires C, 59.98; H, 6.25; N, 14.47%. 
so 5 (CDCI3) : 0.97 (3H, t), 1.64 (3H, t), 2.02 (2H, m), 2.26 (3H, s), 2.48 (4H, m), 3.10 (4H, m), 4.30 (2H, t), 4.39 (2H, q), 
4.61 (2H, s), 5.05 (2H, s), 7.17 (1H, d), 7.34 (5H, m), 7.82 (1H, d), 8.98 (1H, s), 10.64 (1H, s). 
LRMS : m/z 581 (M+1) + 
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Example 10 

E °h ta J ned 35 0fl ' White S °' id ^ ' f0m the ,itle COmpound of Preparation 46, using a similar procedure to 
tZ£F?££T?Z r title C ° mP0Und W3S iSOla,ed b * ,ritura,ion with methyl ether. 

LRMS: m/2 475 (M+1)+ ' ■ 

Example 11 

EL ^ S0 ' l ! ,i . 0n ° f .' h ! ,i,le C ° mpOUnd of P^Paration 40 (730mg, 1.4mmol) in dichloromethane (3ml) was added 
d opw.se to solut.on.of the trtle compound of preparation 20 (243mg, 1.2mmol) in pyridine (10ml) and hTreaction 

wrth toluene. The res,dual orange solid was purified by column chromatography on silica gel, using an elution gradient 
of d,chlorome.hane:methanol (99:1 to 90:10), the product suspended in dich.oromethane^nd the suspend f L ed 
lllir* - d e; fuced pressure and the residue partitioned between ethyl acetate 25m ) nd 
water (10ml), the phases separated, the organic layer washed with brine (10ml), dried (MgS0 4 ) and evaporated under 
reduced pressure, to afford the litre compound as a cream foam (48mg) evaporated under 

8 (CDCI 3 ) : 0.90 (3H, t), 1.38 (6H, d), 1 .62 (3H, t), 1 .89 (2H, m), 2.26 (3H, s), 2 48 (4H m) 3 05 <4H m) 3 ?fiM H mi 
4.00 (2H, t), 4.42 (2H, q), 7,8 (1H, d), 7.92 (1H, d), 8.62 (1H, s), 10.22 (1H, sj. LRMS l^U^BY 

Example 12 

I ..... • 

EatJn .J^CnT it ° f P T rati °: 40 (49 ° m9 ' 1 ' 4mm0i) W3S 8dded to a so,ution of . ,h e title compound of 
V ( 9 ' ^ Pynd,ne (6ml) and ,he reaction s,i "ed at room temperature for 18 hours The 
reacts mixture was concentrated under reduced pressure, azeotroped with toluene and L residue panmonedle 
tween dichloromethane (40ml) and sodium bicarbonate solution (20ml). The phases were separated thSwSc lawr 
washed wrth bnne (20ml), dried (MgS0 4 ) and evaporated under reduced pressure to g.e a yeltow ol. " " 
10174] A mixture of this intermediate carboxamide, and potassium t-butoxide fSflnmr, q on mmnh 'in 
(5m,, was heated under reflux tor 18 hours, then cooled. The' reac JmfxtT^^^^^^ 

sure, , he residue partitioned between ethyl acetate (15ml) and water (15ml) and the layers separated Te leoL 

Sir Tf l* 2N h y drochtoric acid - extracted with ethyl acetate (3x1 5ml) and these combined I oZ c 

■ . bf ' ne (20ml) ' dded (M9S ° 4) and eVapora,ed under ^uced pressure. The cruTprSuc was 

fto 9 I r ri t°T 9raPhy ° n Si ' iCa 961 tWiCG ' USin9 3n e ' U,i0n 9 radient of dichloromethane.isop^no Z 
1 to 90. 1 0) to afford the trtle compound, (60mg). 1 

5 (CDCI 3 ) : 0.34 (2H, m), 0.46 (2H, m), 0.95 (3H, t), 1.30 (1H, m), 1.65 (3H t) 1 98 (2H m) 2 28 (3H ,t ? *1 ,au 

asEs&ssr * 4 38 m m) - ™ m * 7m °« * ( ■ * 5 m 

Example 13 

[0175] A mixture of the title compound ol preparation 60 (70mg, 0.14mmol), morpholine (15ml 0 17mmon sodium 
tnacetoxyborohydr de (43mg, 0.20mmol) and acetic acid (10ml, 0.17mmol) in dtehtorome than £SZ 
TT T f ° r , 18 hOUfS - ^ feaC,i0n miXtUre WaS partitioned betw een dichloromethane ( 0m, Z d t e so 

ZVmTZ*l°: (10ml \ the PhaS6S S6para,ed and the a " ueous ,a Ver extracted wffh d! hto^lane 
(2x10ml). The combined organic solutions were dried (Na 2 S0 4 ) and evaporated under reduced pressure The residue 
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was purified by column chromatography on silica gel, using an elution gradient of dichloromethane:methanol (£}9:1 to 
94:6) and recrystallised from ethyl acetate, to afford the title compound : (30mg). 

5 (CDCI 3 ) : 1.00 (3H, t), 1.63 (3H, t), 2.05 (2H, m), 2.26 '(3H, s), 2.48 (4H, m), 2.58 (4H, t), 3.09 (4H, m), 3.67 (4H, t), 
4.00 (2H, s), 4.36 (4H, m),»7.16 (-1H; d), 7.84 (1H, d), 9.00 (1H, s), 10.62 (1H, s). 
s LRMS : m/z 560 (M+1 ) + 

Example 14 

• 3-Methvl-6-[5-(4-meth'vlpiperazin-1 -vlsulphonv0-2-n-propoxvphenvl]-1 -(pVridin-2-vDmethyl-1 ,5-dihvdro-4H-pyrazolo 
10 [3,4-d1pyrimidin-4-one 

[01 76] A mixture of the title compound of preparation 28 (85mg, 0.23mmol) in chlorosulphonic acid (264mg, 2.3mmol) 
and thionyl chloride (81 mg, 0.68mmol) was stirred at room temperature for 18 hours. The mixture. was cooled in an 
ice-bath, ice (1g) added, followed by ethanol (5ml) and N-methylpiperazine (340mg, 3.4mmol), and the reaction stirred 
15 for 1 5 minutes at room temperature. The mixture was evaporated under reduced pressure and the residue purified by 
column chromatography on silica igel, using an elution gradient of dichloromethane:methanol (98:2 to 92:8) to afford 
the title compound, (89mg). 

Found : C, 57.13; H/5.81; N, 17.79. C 26 H 31 N 7 O 4 S;0.5H 2 O requires C, 57.13; H, 5.90; N, 17.94%. 
8 (CDCI3) : 1.17 (3H, t), 2.02 (2H, m), 2.21 (3H, s), 2^42 (4H, m), 2.60 (3H, s), 3.02 (4H, m), 4.23 (2H, t), 5.62 (2H, s), 
20 7.03 (1H, d), 7.16 (2H, m), 7.60 (1H, m), 7.82 (1H, d), 8.57 (1H, d), 8.75 (1H, s), 10.73 (1H, s). 
LRMS: m/z 538 (M+1 ) + 

Example 15 

25 l-Cvclopentvl-3-ethvl-6-[5-(4-ethvlpiperazin-1-ylsu^ 

pyrimidin-4-one 1 

[01 77] 1 -Cyclopentyl-3-ethyl-6-(2-n-propoxyphenyl) : 1 ,5-dihydro-4Hrpyrazolo[3,4id]pyrimidin-4-one (WO 96/28448) 
(500mg, 1.36mmol) was added portionwise to chlorosulphonic acid (1.6g, 13.6mmol) and the reaction stirred at room 

30 temperature for 18 hours. The reaction was poured into a mixture of ice water (30ml) and dichloromethane (30ml) with 
stirring, the layers separated and the aqueous extracted with dichloromethane (2x30ml), The combined organic solu- 
tions were washed with brine (30ml),dried (Na 2 S0 4 ) and evaporated Under reduced pressure, to give a foam.,N- 
Ethylpiperazine (1 08mg, 0. 95mmol) was added dropwise to an ice-cold solution of this intermediate sulphonyl chloride 
. in dichloromethane (3ml) and the reaction stirred at room temperature for 2 hours. The mixture was diluted with dichlo- 

35 romethane (1 0ml), washed consecutively with water (5ml), saturated sodium bicarbonate solution (5ml) and brine (5ml), 
dried (Na 2 S0 4 ) and evaporated under reduced pressure. The residue was purified by column chromatography on silica 
gel, using an elution gradient of dichloromethane:methanol (100:0 to 96:4) to afford the title compound, (81 mg). 
Found : C, 59.30; H, 7.06; N, 15.48. C 27 H 38 N 6 0 4 S requires C, 59.75; H, 7.06; N, 15.48%. 

8 (CDCI3) : 1.02 (3H, t), 1.19 (3H, t), 1.38 (3H,t) 1.75 (2H, m), 2.02 (4H, m), 2.16 (4H, m), 2.40 (2H, q), 2.54 (4H, m), 
40 2.98 (2H, q), 3.10 (4H, m), 5.25 (2H, t), 5.18 (1H, m), 7.18 (1H, d), 7.86 (1H, d), 8.84 (1H, s), 10.70 (1H, s). 
LRMS: m/z 543 (M+1 )+ 

Example 16 

^5 ■ 3-Methyl-6-f5-(4-methvlpiperazin-1-vlsu^ 
pyrimidin-4-one 

[0178] Obtained (1 9%) from the title compound of preparation 29, using the procedure of example 1 4. 
5 (CDCI3) : 1.14 (3H, t), 2.00 (2H, m), 2.22 (3H, s), 2.44 (4H, m), 2.72 (3H, s), 3.02 (4H, m), 4.22 (2H, t), 5.54 (2H, s), 
50 7J1 (1H, d), 7.20 (2H, m), 7.62 (1H, m), 7.82 (1H, d), 8.55 (1H, d), 8.94 (1H, s), 10.52 (1H, s). 
LRMS: m/z 538 (M+1) + 

Example 17 

55 3-Methvl-6-f5-(4-methvlpiperazin-1-vlsulphonvl)-2-n-propoxvphenvll-2-(pvrimidin-2-vl)-2,5-dihvdro-4H-pyrazolo 
[3,4-dlpvrimidin-4-one 

[0179] Obtained (59%) from the title compound of preparation 30, using the procedure of example 14. 
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Found : C. 53.65; H, 5.48; N, 20.63. C 24 H 2e N 8 O 4 S;0.8H 2 O requires C, 53.48; H 5 54- N 20 79% " 

■ Kif««r ,4K "* 3 10 (4H •* ™™ * 4 - <*»• •>■ * 

. IpRMS : m/z 525 (M+1) + 

■' V 

Example 18 

i - 

M 7ol otmtr 'V^T^ 9 ' °- 9mm0,) Wa? add6d t0 ' a SUS ^ nsi0n 01 *• ,ille c6m P° u "d of preparalion 55 
0 70mg, oarnmoO -n attend (5ml) and the reaction stirred a. 1 00'C in a sealed vessel /or 5 hours. The coo.ed reaction 

TZZIT T ^ U 1 der redUCed Pr6SSUre and ,he residue P urified ^ colu ™ chromatography on silica gel 
us,ng d.cV.lc.rome.haneimethanol (85:15) as eluant, to aftord the title compound as a brown solid (1 30mg) 

zTrnr, 0 : K * WW*^ requires C, 51 04; H, 5.67; N 22 32 % 

(4K m) ' 318 (4K m): 461 (2H - q) - 4 - 8 ° (2H ' q) - 8 61 <1H ' * 

LRMS : m/z 540 (M+1) + 

i 

Example 19 

5 -dihvdro.4H.nvr a7 n l n p,.H, 

LxlmL?^^ ^ 0/ :l f , r ° m ,itle C ° mP0Und °' P re P ara,ion 56 - using. a similar procedure to that described in 
example 18, but using ethyl acetateimethanol (90:10) as chromatographic eluant 

5(CDCI 3 ):1.01 (6H, m), 1.62 (3H,t), 2.08 (2H,m), 2.43 (2H,q), 2.58 (4H, m), 3 17 (4H m) 4 55(2H t) 4 81 <2H nl 
8.61 (1H,s), 8.75 (2H,m), 9.14 (1H, s), 9.99 (1H,s), 10.90 (1H s) ' ( ' d) ' 

LRMS ': m/2 554 (M+*1 ) + ' ■ 

i i 

Example 20 . 
fstdb'vhmid^ 

Found : C, 53:22; H, 577; N, 21 .60. 

C 25 H 3i N 9°4 S ; 0.5H 2 O;0.2C 2 H 5 O 2 CH 3 requires C, 53.40; H, 5 84' N 21 72% 

" m * k " ,4H ' * 460 « *™ <« * HH 

LRMS : m/z 554 (M+1 ) + 
Example 21 

lo 2 ne Eth °^ 5 ^ 4 ' ethY ' PiperaZin " 1 ' Y ' SUl ^ 

LxlmL ?8tLTu d SK f r ?! ,i,,e C .° mPOUnd °' Preparati ° n 57, USing 8 Simibr Drocedure to tna < described in 
example 18, but using ethyl acetate:methanol (95:5) as chromatographic eluant 

! C S!oJ ° 1 (3H " °' 156 (6H " < 2H - 0). 2 5 6 (4H, m), 3.13 (4H, m), 4.46 (2H, q), 4 76 (2H q) 7 38 MH 

m), 7.43 (2H, m). 8.39 (2H, d), 8.66 (1H, s), 9.07 (1H, s), 10.78 (1H s) ( ' 

LRMS : m7z 539 (M+2) + 
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Example 22 

i 

1-Ethyl-6-f5-(4-ethvlpiperazin-1^ylsulphonyl)-2-(2-^ 
f3,4-d1pyrimidin-4-one ■ • ' 

5 

[0184] A mixture'of potassium bis(trimethylsilyl)amide (359mg, 1.8mmol) in 2-methoxyethanol (20ml) was heated at 
90°C for 30 minutes, then cooled to room temperature. The title compound of example 21 (200mg, 0.36mmol) was 
added and the reaction heated under reflux for 18 hours and allowed to cool. The mixture was concentrated under 
reduced pressure, the residue partitioned between ethyl acetate (20ml) and water (20ml) and the phases separated. 

10 The aqueous layer was extracted with ethyl acetate (2x20nhl) ; the combined organic solutions dried (Na 2 S0 4 ), and 
evaporated under reduced pressure. The residue was purified by column chromatography on silica gel, using dichlo- 
romethane:methanol (97:3) as eluant, to afford the title compound, (105rrig). 
: Found : C, 56.83; H, 5.88; N, 16.99.' C 27 H 33 N 7 0 5 S' requires C, 57.13; K, 5.86; N, 17.27%. 

5 (CDCI 3 ) : 1.04 (3H, t), 1.59 (3H, t), 2.42 (2H, q), 2.58 (4H : m), 3.17 (4H, m), 3.59 (3H, s), 3.88 (2H, t), 4.51 (2H, q), 

1S 4.81 (2H, t), 7.39 (1H, m), 7.45 (2H, m), 8.40 (2H, m), 8.70 (1H, s), 9.04 (1H, s), 10.92 (1H, s). 
LRMS:m/z568 (M+1) + 

Example 23 ( 

20 3-(Benzyloxv)methyl-6-[2-ethoxy-5-(4-ethy^ 
[3,4-d]pyrimidin-4-one 

[0185] A mixture of the title compound of preparation 58 (940mg, 1 .57mmol) and sodium ethoxide (272mg, 4.0mmol) 
in ethanol (25ml) was heated under reflux for 8 hours. The cooled reaction mixture was diluted with water (25ml), and 
25 the mixture extracted with dichloromethane (3x50ml). The combined organic extracts were dried (MgS0 4 ) and evap- 
orated under reduced pressure, to afford the title compound, (767mg). 

5 (CDCI3) : 1.00 (3H, t), 1.55 (6H, m), 2.39 (2H, q), 2.52 (4H, m), 3.12.(4H, m), 4.40 (2H, q), 4.75 (4H, m), 4.85 (2H, 
s),7.30(3H. m), 7.40 (2H r m), 8.64(1 H, s), 9.04(1 H, s), 10.69,(1 H, s). . 
LRMS:m/z582(M+1)+ , ( 

30 ' 

Example 24 1 , ' 

1 1 

6-[2-Ethoxv-5-(4-ethvlpiperazin-1-vlsulphonvl)pvri^^ 
pyrimidin-4-one 

35 ' . 

[0186] Formic acid (1.5ml) was added to a mixture of the title compound of example 23 (750mg, 1.3mmol) and 10% 
palladium on charcoal (750mg) in ethyl acetate (15ml), and the reaction stirred under a nitrogen atmosphere at room 
temperature for 24 hours. The reaction mixture was filtered through Arbocel,. the filter pad washed with water (30ml) 
and ethyl acetate (30ml), and the filtrate basified using 2N sodium hydroxide solution. The layers were separated, the 

40 aqueous extracted with dichloromethane (3x1 00ml), and the combined organic solutions dried (MgS0 4 ) and evapo- 
rated under reduced pressure. The residue was triturated with ether, to afford the title compound as a white solid, 
(375mg). 

5 (CDCI3): 1.02 (3H, t), 1.54 (3H, t),1.60 (3H, t), 2.42 (2H, q), 2.57 (4H, m), 3.16 (4H, m), 4.42 (2H, q), 4.60 (1H, t), 
4.79 (2H, q), 4.92 (2H, d), 8.70 (1H, s), 9.08 (1H, s), 10.88 (1H, s). 
4S ■ LRMS:m/z492(M+1) + 

Example 25 

1-Cyclopentvl-6-[2-ethoxv-5-(4-ethylpiperazin-1-vlsulph 
so pyrimidin-4-one 

[0187] A mixture of the title compound of preparation 61 (253mg, 0.46mmol) and potassium bis(trtmethylsilyl)amide 
(110mg, 0.55mmol) in ethanol (10ml) was heated in a sealed vessel at 110°C, for 18 hours, then cooled. The reaction 
mixture was concentrated under reduced pressure, the residue dissolved in dichloromethane (30ml), the solution 
ss washed with water (20ml), and the pH of the mixture adjusted to 8 using hydrochloric acid. The layers were separated, 
the organic washed with brine (10ml), dried (MgS0 4 ) and evaporated under reduced pressure. The residual oil was 
purified by column chromatography on silica gel, using an elution gradient of dichloromethane saturated with 0.88 
ammonia: methanol (100:0 to 96.4:0.4), to afford the title compound as a white foam, (210mg). 
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■ 8?CDCn • i ™!£ n 71 o N ' 18 ' 16 - C « H 35N 7 0 4 S requires C, 56.69; H. 6.66; N, 18.51% 

• • • V 

Biological Activity 

i 

i 

S PDE5. T ^ i "" Stta,eS *" t »*°.«Ml- * ■ -9. of compoMnd, o. , M Mention a S in W «o, 5 o, 



Example 


IC 50 (nM) 


1 


9.30 


4 


5.61 


14 


4.40 


18 


8.10 


19 


7.67 


• 21 


4.60 



Claims ■ 

1. A compound of formula IA, or of formula IB: 





IA 



IB 



wherein • 
A represents CH or N; 

and NB 10, R ,06 Jsi NR ,«R.r "* "* ha '°' Cymo ' 0R5 - c <°)^ <=(0)OR>. C(0) NR W 
R 4 represents S0 2 NR 12 R 13 ; 

R12 and Ri3, together with the nitrogen to which they are attached, form Hef 

2=5=?= 

R* R 6 . ff. H» R» RiOa, R10b , R1la and R11b independenl|y fepresenl H of |ower a|ky| . 
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or a pharmaceutical^, or a veterinarily, acceptable derivative thereof; provided that the compound is not: 

6-[2-ethbxy-5-(4-methyl-1 -piperazinylsulphonyl)phenyl]r1 -n-propyl-1 ,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin- 
4-one; or * u ' 

i3-methyl-6-[5-(morpholinosulphonyl)-2-n-propoxyphenyl]-1 -n-propyl-1, 5-djhydro-4H-pyrazolo[3,4-d]pyrimi- 
din-4-one. , .'■ 

2. A compound as claimed in Claim 1, wherein, when the compound is a compound of formula IA, in which R 1 rep- 
resents C|_ 6 alkyl, R 2 represents H, methyl or ethyl/R 3 represents C 2 _ 4 ' alkyl and A represents CH, then R 12 and 
R. 13 , together w^h the 'nitrogen to which they are attached, do not form a pyrrolidinyl, piperidinyl, morpholinyl, 
1-imidazoyl or a ^-R^-piperazinyl (in which R 14 represents H, C,_ 3 alkyi or hydroxyC 2 . 3 alkyl) group, which hete- 
rocyclic groups are optionally substituted by one or two C,. 4 alkyl groups. ' 

i ' 

3. A compound as claimed in Claim 1 , wherein, when A represents CH, then R 2 does not represent lower alkyl or K 

4. A compound as claimed in Claim 1, wherein, when A represents N, R 1 represents lower alkyl and R 2 represents 
lower alkyl, Het, alkylHet, aryl or alkylaryl. 

5. A compound as claimed in any one of the preceding claims, wherein R 1 represents linear branched, cyclic, or 
acyclic, lower alkyl, Het or alkylHet. 

6. A compound as claimed in any one of the preceding claims ; wherein R 2 represents linear or branched, cyclic, 
acyclic, or (Dart-cyclic, lower alkyl (which alkyl group is optionally terminated by OH), alkylHet or alkylaryl (the alkyl 
group of both of which is optionally interrupted by an O atom), aryl or Het. 

7. A compound as claimed in any one of the preceding claims, wherein R 3 represents linear ( or branched lower alkyl, 
optionally terminated by OR 5 , where R 5 represents H or methyl. 

• !•» i . u , ♦ ♦ ■ 

8. A compound as claimed in any one of the preceding claims, wherein R 12 and R 1 3 together with the nitrogen atom 
to which they are attached, represent 4-R 14 -piperazinyl, in which R 14 represents H or lower alkyl, which alkyl group 

• • . is optionally substituted or terminated by one or more substituents selected from aryl, Het, halo, cyano, nitro, OR 5 , 
■ • C(0)R 6 , <b<0)OR7, C(0)NR 8 R 9 , NR 10a R 10b , S0 2 NR 11a R 11b and N(H)S0 2 R 11a . ' 

9. A compound as defined in any one of Claims 1 to 8 for use as a pharmaceutical. 

10. A compound as defined in any one of Claims 1 to 8 for use as an animal medicament. 

11. A formulation comprising a compound as defined in any one of Claims 1 to 8 in admixture with a pharmaceutical^ 
or veterinarily acceptable adjuvant, diluent or carrier. 

12. A formulation as claimed in Claim 11 , which is a pharmaceutical formulation. 

13. A formulation as claimed in Claim 1 1 , which is a veterinary formulation. 

14. The use of a compound as defined in any one of Claims 1 to 8 in the manufacture of a medicament for the curative 
or prophylactic treatment of a medical condition for which inhibition of cGMP PDE5 is desired. 

15. Use as claimed in Claim 14, wherein the condition is male erectile dysfunction, female sexual dysfunction, prema- 
ture labour, dsymenorrhoea, benign prostatic hyperplasia (BPH), bladder outlet obstruction, incontinence, stable 
or unstable variant (Prinzmetal) angina, hypertension, pulmonary hypertension, congestive heart failure, athero- 
sclerosis, stroke, perispheral vascular disease, conditions of reduced blood vessel patency, chronic asthma, bron- 
chitis, allergic asthma, allergic rhinitis, glaucoma, a disease characterised by disorders of gut motility, pre-eclamp- 
sia, Kawasaki's syndrome, nitrate tolerance, multiple sclerosis, peripheral diabetic neuropathy, stroke, Alzheimer's 
disease, acute respiratory failure, psoriasis, skin necrosis, cancer metastasis or baldness: 

16. A process for the preparation of a compound of formula I A, or of formula IB, as defined in Claim 1 , which comprises: 

(a) cyclisation of a corresponding compound of formula II A, or of formula IIB, respectively: 
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w 





is 



IIA 



IIB 



wherein Ri. ff, R3 R4 and A are as defined in Claim 1 ■ 

(b) cycl.satiqn of a corresponding compound of formula VA, or of formula VB, respecWely: 



20 



25 



30 





35 



VA 



, VB 



wherein Ri, R2 R3, R 4 and A are as defjned jp C|ajm 1 . 

(c) reaction of a corresponding compound of formula Vl'lA, or of formula VIIB, respectively: 



40 



45 



0 






? R3 HN^ 


6 


OR3 




\ 

Ri 


V 



S0 2 Y 




N— Ri 



50 



VIIA 

wherein Y is halo and R 1 , R2 R* and A are as defined in Claim 1 with 



VIIB 



a compound of formula VIII: 



55 



R 12 R 13 NH 



VIII 



wherein Ri* and are as defined in Claim 1- 
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10 



15 



(d) for compounds of formulae IA and IB, in which R 2 represents lower alkyl, alkylHet or alkylaryl, reaction of 
a corresponding compound' of formula XVI A, or of formula XVI B, respectively: 





XVI A. 



XVIB 



20 



25 



wherein R 1 , R 3 , R 4 and A are as defined in Claim 1 , with either an organometallic compound of formula R 2a M, 
in which M represents Li or MgHal, Hal represents halo and R 2a represents a group which provides the relevant 
group R 2 upon reaction with the -C=0 group which is attached to'the pyrazole ring, followed by deoxygenation 
of the resultant secondary alcohol, or by reductive amination using a basic compound which provides an R 2 
group upon reaction with the -C=0 group which is attached to ( the pyrazole ring; 

(e) for compounds of formulae IA and IB in which R 2 represents CH 2 OH : deprotection of a corresponding 
compound of formula XVIIA, or of formula XVIIB, respectively: 



30 



35 




OR 15 




OR'* , . 



N— Ri 



40 



45 



SO 



XVIIA 



XVIIB 



wherein R 1 , R 3 , R 4 and A are as defined in Claim 1 and R 15 represents an alcohol protecting group; 

(f) for compounds of formula IA or IB in which R 1 represents lower alkyl, alkylHet or alkylaryl, alkylation of a 
corresponding compound of formula IA, or of formula IB, respectively, in which R 1 represents H; 

(g) conversion, removal or introduction of a substituent on an aryl, or a Het, group in, or on the phenyl/pyridinyl, 
or pyrazolo, unit of, a compound of formula IA or IB; 

(h) conversion of one R 3 group to another by alkoxide exchange; 

(i) for compounds of formula I A or IB in which R 12 and R 13 , together with the nitrogen to which they are attached, 
form a 4-R 14 -piperazinyl group in which R 14 represents alkyl, alkylation of a corresponding compound of for- 
mula IA or IB in which R 14 represents hydrogen; or 

(j) deprotection of a protected derivative of a compound of formula IA or of formula IB. 



17. A compound of formula IIA, or of formula IIB, as defined in Claim 16. 
55 18. A compound of formula VA, or of formula VB, as defined in Claim 16. 



19. A compound of formula VMA, or of formula VIIB, as defined in Claim 16. 
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(54) Pyrazolopyrimidinone cGMP PDE5 inhibitors for the treatment of sexual dysfunction 

(57) There is provided compounds of formula I A and of formula IB, 



CO 
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LO 

in 




IA 




N-R 1 



IB 



wherein R 1 , R 2 , R 3 , R 4 and A have meanings given in the description, which are useful in the curative and prophylactic 
treatment of a medical condition for which inhibition of a cyclic guanosine 3\5'-monophosphate phosphodiesterase (e. 
g. cGMP PDE5) is desired. 
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